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ABSTRACT , 

This report, addressed to the broad audieace of 
cognitive scientists, examines research on cognitive change. In the 
introduction, background considerations are made, previous research . 
is reviewed, and the report itself is outlined. The first chapter/ 
"Finding Goals Outside the Laboratory," discusses' how laboratory 
tasks can obscure research goals and talks about different research 
settings. "Bases for a theory of Learning in Interaction," the second 
chapter, covers the essentials of* a theory that/can adequately 
account for the appropriation process that happens in teacher-student 
interaction. "Misappropriating Cognitive Processes" is the topic of 
the third chapter, which discusses the problem of correctly coding 
cognitive processes in a classroom/ The fourth chapter is concerned 
with "Learning and Assessment" and an analysis of the concept of a 
"zone of proximal development" for assessing children while in 
interaction with adults. Chapter 5, "But It's Important Data!: Making 
the Demands of a Cognitive Experiment Meet the Educational 
Imperatives of the Classroom;" contains discussion, with the teacher 
whose classroom was used for experiments; conflicts inherent in 'the 
teacher-researcher relationship are cohered. Chapter 6, "Long • 
Division of Labor: In Support of An Interactive Learning Theory," 
illustrates how the "zone" is actively constructed in the 
teacher-child interaction. The seventh chapter offers "Conclusions" 
and implications of the work' f or researchers and tot educators. 
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INTRODUCTION ' 



This is a book about cognitive change. It is addressed to several audi- 
ences who share an interest in the processes by which human beings acquire and 
use knowledge. It is of special relevance to social scientists and educators 
who are responsible for designing educational environments "that maximize the 
effectiveness of the -learning/ teaching process., It is the hope\ of everyone 
concerned with educati&nal practice that systematic study of the processes- by 
which education is accomplished will eventually permit us to say that each 
citizen is provided sn optimum environment for developing his/her special 
abilities as an individual. But at present,, educational practice labors with 
only dubious contributions frori education-relevant social science research. 
By focusing directly on scientific problems that seem . to" coincide with diffi- 
culties in practice, we hope that we can maximize' the utility of\>jir work: 

t 

Our monograph seeks to communicate with people representing several dis- 
ciplines whose ideas -are supposed to bear upon education. We are particularly 
r iterested in addressing the group of scholars who have come to be identified 
as, cognitive scientists. At the heart of jpdgniMye science, as thu? far con-, 
ceived (Norman, 1980; Simon, 1980), is the idea* that it is Visible to con- 
struct explicit, implemeritable models of complCT^sychological processes * 
This focus cf attention follows from the scientific interest, articulated^ by 
Herbert Simon,, in "physical symbol systems" such as the computer or more cen- 
trally the human brain. The prototype* for a practical task is something like 
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machine translation—programming a high-speed computer so it can substitute 
for an individual human, as an input-output 'device,' 

Like other cognitive scientists we set out to "model" a Icomplex psycho 
logical process but we did not seek to embody our model in a /computer program.! 
Rather we set 6ut to create, in^an elementary-school classroom, a series of 
theoretically motivated curriculum units in which we / could observe the 
interactive process of teaching and learning. We agree with SImon'/s character- 
ization of the mind as an artifact rather than as a^atural" system. This 
position is completely consistent with the sociohistorical theory (Vygotsky, 
1978; Leont'ev, 1981) that we draw upon in our development of a theory of cog- 
nitive 'change. Where we differ from Simon and many of pur colleagues in cog- 
nitive science is in our interest in man-made systems ' of social activity as 
well, k game of poker, work in* a factory, a classroom lesson and a psycholog- 
ical experiment are all artificial systems in Simon's sense. But they are sy^r 
terns organized among as well as within human beings./ The physical symbol sys- 
tems that constitute cognition are materially present in the organization of* 
people — in their interactions — as well as in their brains. 

f^S 

This extension of "cognitive science beyond the analysis of stand-alone 
computer models is motivated by our long range goal; to provide a practical 
theory of the role of culturally organized experience in the developmev Z of 
mind. A theory with such aspirations does, not give privileged status to the 
individual person as the object of study. Without in any^ way denying special 

structuring to the individual, we will pursue the thesis that learning is use- 

* ft 

fully ^tinder stood ^as the transformations within systems of social activity and 
transfer V of control from the social/interpersonal to the 
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individual/ intrapersonal levels of organization. 

While the reader might concede that the notion of. artificial intelligence' 
can logically be extended to systems of social interaction, the fact that such 

. extensions have not played much of a part in contemporary . cognitive* science 
naturally raises a question: why bother? Artificial cognitive systems are 
complex enough dn machine form, where we have a great deal of control over the 
elements "that enter into "the system. When we start to consider live people 
engaging in joint activity' we have ta contend with an open system. (Bartlett, 

( 1932) The participants' perspectives on the*activity*are not likely to coin- 
cide completely so there cannot be a single, correct analysis or coding of 

■ >I • ■ - 

either the individual's or the group's behavior. The problem -of including 
social interaction^ in the arena of artificial intelligence may be too{ tough a . 
nut to crack. V (Simon, .1978) 

As the discussion process, we hope to convince the reader that it is' not 
only possible, but very useful, to carry out extensions of cognitive science 
to include social interaction inactivity settings. We want to argue that for 
the crucial issue of cognitive change, inclusion of the social environment is 
• a necessity.' To begin with, however, we want to summarize the steps and^ the 
practical concerns that *l r ed us to th±3 .formulation. In the "sciences of the 
artificial, M as Simon (1981) argues, descriptions of hoy a system works are 
never far removed from questions about how to make it work better. Like other 
branches of cognitive science we are interested in creating a better system. 
But the specific problems posed to. us were sufficiently ^ different from those* 
motivating other work in cognitive science that a narrative summary is in 
order as a means of motivating the discussions to follow. 
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Background Considerations. . 

For a number of reasonst ; our approach to constructing a theory .of ./cogni- 
tive change is closely associated with questions of education,. Perhaps most 
importantly, education is, the- form* of culturally organized experience that is 
. available as a tool "of government policy. During the 1960> questions or^cul- 
, thral background and educational achievement were at v the center of Unjfced 
..States government policies aimed at eradicating poverty.' Whiie the goal may 
have been altered, the questions raised by the massive effort to influence 
young children's development are far from answered. 

One. focus of attention at this time was the question of how education 

influences the course of development. Debates about the influence of educa- 

\ - 

tion on development are by no means new, but their reappearance t in the 1960's 
came at a time in the history of both psychology and society which made reeX- 
amination of this issue of- sj&ecial interest. 

4 ' "... N 

In the period between the end of World War II and the present,, a vast 
transformation .has occurred in the political organization and everyday lives 
of million's o^ people aroiid the globe . known, as the Third World. Formal educa- 
tion |4 which w?*s\ virtually absent in many countries prior to 1945V became a 

» .. ' s 

universal goal of the emerging independent nations. Formal educatiori' did not 
come easily, it required a vast commitment of economic "resources. Change has 
been slow, uneven and painful, in another pontext we mi^ht discuss the social 
and economics consequences. of these events. Of immediate concern to the work 
we will 'discuss here is" the way in which they pose difficult, unresolved prob- 
lems to cognitive sciences. ' 



Final Report . % ■ • NIE-G-78-0159 

. ■ ■ 8 



The Evidence from Cross-Cultural Research * ^ . 

t> ' . , ■. . ', ■ 
■ • rf 

A great\deal of research over the last* 30 'years has ' been devoted to 
assessing the cognitive consequences of attending formal school* The rapid 

• " - ■ fry 

and uneven spread of schooling after . 1945 providfed many locales in- Which popur- 
lations were being exposed to schooling for the /first time on a relatively 
haphazard basis. This heterogeneity was an invitation to evaluate a iogi'cal 
problem that bedevils developmental research in industrialized countries.; 
schooling, being universal, ■ is correlated with -age, making it very difficult 
to discriminate the influence of general experience and education on later 
development* 

The empirical research has been "nicely summarized by Rogoff (15(81) who 

>- • # 

reviews various theoretical interpretations'- that claim to decouple education 
from other forces acting on. development • It is our reading of this literature 

that it is subject to a fatal ambiguity of interpretation, arising from the 

/ ' ' \ < ' ' . 

formulation of the problem itself. . '\ , , 

A simple thought experiment will help^ to clarify the issue* Suppose that 
we happened upon a society that was still in a pre-literate state where every- 
one, tilled the fields and formal schooling was, entirely absent. Suppose 
further that we could choose people at random in some large 'area and arrange 
for half of y them to'* spend the workday in a specially V designed environment 
(like a school) while their brothers and sisters continued life as before. 
Except during the work day, everyone spends their time just as they .would have 
if there were no\ school in town. In the early mornings , evenings, and week- 
ends, people can be found doing chores, engaging in festivals, repairing their 
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houses, gathering crops* etc. the two groups differ only in their activity 

during the work/ school "day. 6 

^ * • 

After a suitable length oi time we want to assess the cognitive conse- 
quences of the experience of schooling. As an assessment device, we seek to 
have a sample of cognitive tasks that arise during the course d those hours 
of the day where people carry out, their tasks togettfer ^because, as good exper- * 
imenters, we would want our Index of change to be' equally familiar to each ' 
group. Once we had found Such test item^ # and administered our assessment dev- 
ice. we &£>uld expect to reach some conclusion about the cognitive consequences 
of schooling. We could, of course, also find out something about the cogni- 
tive consequences of out-of-school activities. 

■ • ' ' > • • * : ' ' . \ 

. Thi.s "clean 11 test of rival hypotheses, about schooling has never been car- 
ried out. In fact, it has never been proposed. The problem is that cognitive 
psychology, as an experimental science , makes cognitive tasks happen. The 
very" technology which allows the cognitive psychologist to talk technically 
about "cognitive consequences" stands in his way when it comes to making prin- 
cipled,, statements about cognition in environments not of his making. While we 
could cettainly find people engaging in joint* activity outside r of school, it ' 
is not at all clear how to characterize such behavior: at the level of cogni- 
tive processing mechanisms. 1 

Actual cross-cultural research on the cognitive consequences of schooling 

has been "dirty" ifi a variety o£ ways. For one thing, there is evidence that 

while schooling is uneven, it is not randomly distributed across the popula- 
ce * 

tion, giving rise to the possibility that pre-select'ion for schooling exists- 

* 

(Fahrmeier, Klein et al.).. A second major difficulty arises because the 
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structure of activity for the tasks used to assess' the cohs^queijces ,of school- 
ing are decidedly unlike the, • structure of activity constructing cognitive 
tasks in everyday settings* ' Consequently, we could notj say how the cognitive 
demands of formal schooling differ from those of everyday life, except in com- 
mon sense terms* Psychological technology seemed to be inadequate to analysis 
of this problen^ in terms adequate to claims about cognitive process. 

* * 
Our own involvement in these issues (Sharps^Cjle and Lave, 1978) led us~ 

to the conclusion that without some means of specifying hov^the tasks used as 

measures of cognitive change are reiated^ to -the ^domains pf /activity they 

^represented, arguments over the effects of schooling on learning and .develop-* 

ment were fatally restricted. S W6 i^egan *tp t doubt our ability to identify even 

school-like tasks if we didn't cons true t^them ourselves. , 1 



Discovering the Same Task . in Different Settings . 

We first came together to discuss these issues in the late 1970's. As a 
first step, Cole and his colleagues Lois Hood , Ray McDermott, and Keti Traup- 
mann undertook a direct investigatioj^^of whether cognitive tasks based on 
schooling could txe» identified and studied in a non-school setting. (For a 



fuller description see Cole, Hood, & McDermptt, 1978, from whifch this descrip-., 

Lngle classroom of 18rchildren. They 
offjatfed in school, each 



t 

Won is derived.) They videotaped a s{i 
created some new setting^ in addition to 



offering variations to permit us to see how cognitive tasks are influenced by 
t^ieir ^Immediate social* qontext . At one extreme they created a battery of 
tests that sampled categories of c6gnitive activities believed to be central 

■ v ' - ■ ■ « 

to psychologicalv functions in the everyday world as well as the school: 

\ . * . ■ ° • r ■ v 

remembering, classifying, problem solving and so on. At the other extreme 
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responded qii those rare occasions when they thought that such a problem had in 
fact occurred • . ) 

Perhaps their difficulties should not J have come as a surprise. But in 
term's of the^ goal of building a technology whereby cognitive tasks could be 
discovered and their outcomes studied in non-classroom and non-test situa- 

tions, they were (and we remain) in deep difficulty • 

^ " / 

In the ensuing year they intensively studied the videotapes they had col- 
lected in order^to discover the characteristics of the ways in which behavior 
was organized in each of the various settings. Even cursory analysis fehowed 
that they could not attribute the differences among the settings*simply to the 
existence or non-existence of academic content. To bake a cake one needs to 
read recipes, measure, and keep track of what one has done. To get through a 
test one has to engage in coordinated social interaction with another person. 

All situations they studied were a mixture of "cognitive" and "social" activi- 

/ / 

tiesi To be sure, the deaaity of each, or perhaps the salience of each to the 
casual observer, was different. In the tests /or in those parts of the school 
day where children were seen to be engaged in cognitive tasks, social interac- 
tion seemed like a part of the background. .In the club's, social interaction 
was rarely in the background. * j 



When the researchers began to makfe comparisons of the children in the two 
settings , they had the, strong impression that the childre^who were the 'class 
"stars" in school did not shine especially as a group during the club ses- 
sions. Nor were the class dunces rladily identifiable. A little reflection 
will suggest that this observation pokes an embarrassing paradox. Having just 
said that cognitive tasks could ^ot be identified in the clubs, the 
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researchers turned around <and claim that they simultaneously discovered chil- 
dren who seemed to be cognitively more competent In the dub than in school* 

We hope that a little more reflection will reveal that once Cole and his 
colleagues made the judgment that some children behave more competently when 
facing the task of baking cake in club than doing a reading or measuring task 
in fephool, they had made contact with a central question in the present work: 

/ i 

how do you know that you have the same task in different settings** And if you 
don't know how to identify "same tasks," what is the basis for your judgment 
that some children perform well in one version of "the" tasks and not another? 

When Cole and his colleagues started their eariier project, they thought they 

i i - 
had built the answer into the structure of the activities thcf -occurred in the 

three basic 'settings (test, school, club). The tests had initially been 
designed to sample school-ixke tasks, so they could be confident that they 
would appear in the classroom as they. did. They chose a variety of cooking 
and nature activities specifically because they require reading, measurement, 
remembering and other cognitive skills that are the focus of the school. In 
fact, the reasonableness of that idea was used -to convince teachers and 
parents 'that the clubs would be a good, "educational experience," for the 
children. Yet when they came to look at topics of the club activities, some- 
thing about their social organization rendered it difficult to identify cogni- 
tive tasks in a form that we could acknowledge as cognitive psychologists. 

" L 

Crudely speaking, the source of the difficulty resides in the social con- 
straints operating, on people during a social interaction, be it in school or 
out. The psychologist's task (classifying, paired associate learning, logical 
reasoning) is not a physical object in the world. It is, rather, a set of 
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activities (pfcrhaps involving physical objects), the goal of which is speci- 
fied by the psychologist along "with a set. of constraints that must be honored 
in meeting that g&al. One of our difficulties when moving from club* to school 
to t«st was that the larger social context within which "the same task" was- 
embedded placed very different constraints on the various, individuals partici- 
pating in tha scene. As a consequence, the individuals were moje-6r ' }ess free 
to change the conditions of the task, even to the poin£*of making it go away, 
depending upon what social context it .occurred in. 

A second problem concerned the Specification of goals. When we stated in 
the previous paragraph that the psychologist sets the goal for the subject as 
part of the defining characteristics of a cognitive task,' we were adopting the 
professional . shorthand. In fact, even casual analysis of a single testing 
situation quickly reveals that an enormous amount of "social work" goes - into 
maintaining the psychologist's task as a.fbcus of ^ attention. (Mehan, 1979) 
Subjects often are as anxious to demonstrate their friendliness or intelli- 
gence, or simply to get-it-all-over-as-quickly-ds-possible, as they are to 
"think hard." Test situations are designed to minimize the impact of these 
alternative goals, of course, and large groups of subjects are usually run on 
quantifiable tasks so that reliable and "valid" inferences regarding thinking 
can be achieved. We don't wish to question the utility of this approach here 
(See Cole, Hood and McDermott, 1978 for an extended discussion) . What is cru- 
cial to point out* however, is that in non-test settings (including the school 
and the club), the multiple goals that occupy each individual at any* single 
moment are very' difficult to ignore because the settings are rarely so con- 
strained that they prevent people from working to achieve several goals at the 
samp time. That meaps that we have to deal with some difficult problems of 
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"task analysis" in order to specify real task similarity across contexts. Only 
very general- characteristics of task environments can he specified ahead of 
time in a manner analogous- t<£ the way psychologists specify their cognitive 
tasks. - V • 



These earlier attempts to specify how cognitive tasks and behaviors vary 

across social, contexts convinced ^us thatthe solution would not come about 

/ 

through the 'systematic application of any established* techniques of discourse 
or cognitive analysis. Identifying, cognitive .tasks outside of the laboratory 
would require a novel s^mthesis of methods. 



Having concluded on the basis of our previous work that statements about 

V ; *■ - 

children "doing the s^me task" better or worse in one of the settings' a*e* dif- 

v \ • 

ficult if not imppssible to i, if we depend on discovery procedures, we 

-decided in this study to make as certain as we coul4 that the same task 

* 11 • * 



occurred and reoccurred in a variety of settings. In effect,/ we adopted the 

' . \ 

procedures for the conduct of ecologically valid research proposed several 

decades' ago 1>y Brunswik (1.943). At the outset we knew that- there would ba 

limits to the degree of "sameness" that? we could arrange. But we did not know 

on the basis of our earlier^failures what those limits might be. We phrased 

our strategy as follows: lets try to. make a cognitive task happen and see how 

different social settings pull it apart in different ways. 

' ' " --« . ' I \ - ' . 

* m Building T asks into Curriculum Units 

Our current^ project was conducted in a school in the northern part of San 
Diego County* In the first year we worked in a third- fourth ^grade combination, 
.team taught classroom. In the second year, we worked *in the fourth-grade 
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classroom of one of the original teachers. Our data corpus involves 80 chil- 
dren and three teachers over the two year period. During our time in the 
classrooms we worked with the teachers to design seven curriculum nodules, 
each of which was designed as a mini-experiment in creating the same task 
across a variety of contexts. Our topics ranged from science* (e.g.., electri- 
city, animals, household chemicals) to math (long division) to social studies 
(Native American"* Indians , mapping) to a unit on memory and study skills. Vfe 
refer to $ach ^curriculum module as a "cycle." In each cycle we used five dif- 
ferent configurations of participant structures: 

(a) Teacher l,ed large group lessons: These are whole group lessons, 
conducted by the teacher, composed of approximately 20 students; J 

(b) Teacher led small group lessons: These are organized 
8U ch that 5 ~ 6 children work intensively with the teacher; 

V (c) ChilcT-only^small group lessons: Groups of children worked 
together ^ on an assigned task (often workbooks or other 
written Materials) without direct arcessv to a teacher; 

(d) Tutorials: The teacher or a researcher works one-to-one with a child; 

(e) Clubs: A member of the research staff interacts with students, 
either in a community setting, or at the University, about 

the material covered in the cycles, but in a less didactic and 
more recreational format. - 



The growth of the cycles 



Each of the seven cycles was devoted to a different topic domain; we com- 
pleted cycles, three the first, year and four the second. This section 
presents a brief of the history of our work, and a summary of the successes 
and failures • . , 



■Throughout the project we were constrained in our choice of cycle topics 
by five working principles: ■ 

1) The topic and lesson plans should be known ahead of time to both 
researchers and teachers. We were not interested in capturing and 
analyzing only the teacher's brdinary classrobm events as we might if 
this .were an ethnography; nor were we * interested in taking the 
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children into a laboratory environment as we might if this were a 
traditional; experimental approach. A combination of everyday prac- 
tice and thepry guided structure was what we needed: We knew how hard 
it was to locate tasks post hoc as they appeared in ordinary events, 
and we knew that methods that rely only on laboratory environments 
were overly confining. Our strategy dictated that we plan the con- 
tent of the lessonp jointly with the classroom teachers and obsetve 
the consequences of their implementation. 

2) Each topic covered should be instantiated in a variety of socially 
organized events. The basic motivation for our work was to determine 
how different social organizations help or hinder performance for 
different children and how performance differences are related to 
assessment and achievement in school. Hence, we wAnted teaching 
events of different types— large , and small groups, teacher present 
and child only, adult- child dyads — and some more casual events 
that were outside of the ordinary school rules of institutional rela- " 
tions. ' * 

3) Each topic should be one which is relatively novel, so that knowledge 
and experience from prior exposure, in school and out , would nbt be 
so likely. to intrude and, differentiate among the children f in ways 
that we had no access to in our data records. 

* 

4) Each topic should be unobtrusive as a topic to be taught children of 
third and f.ourth grade age in that school district. This follows from 
three aspects of our work: The teachers had §, responsibility to use 

„ classroom time educating the children in a way that was coherent with' 
tfhat the school and parents expected; We were interested ■ in the 
relevance of our work for ordinary education; We knew from our prior 
work that Che organization of ordinary classrooms had sufficient 
similarity to the organization of psychological experiments so that 
we could use the psychological literature as a guide and critical- 
base. 

5) The topics should be ones that bring out the best in the teaching 
situation and still yield enough variability in child performance so 
that the research could succeed. 



In our terms, we were creating problem isomorphs in seven different domains, 
so that the points of similarity in the different "problems" (i.e. lessons in 
the cycles) could act as tracer elements. These tracers would be used to 
investigate how one can speak of the V same task in different settings" and, 
hence, to ifriderstand the claim that some children perform better in some set- 
tings than in others. 
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Electricity and division * We describe our cycles out of chronological 
order so i that we can* highlight^ Important issues that our research strategy was 
designed to stress. The first 'cycle was on electricity, and one of the last 
ones was on long division, the prototypical fourth grade task. They provide 
an illustration of the consequences of our commitment to the principle that 
the cycle topic should be known by the researcher and the teacher, 

• * — " / 1. 

At the time that we developed the electricity'cycle , we had great confi- 
dence in the power of content domain to organize activity for research ancj for 
pedagogical purposes. While the,top£c of electricity unified the first cycle, 
there was not a clearly discernible tracer element that appeared in every 
social configuration. We narrowed the topic to 1 batteries and circuits, but 
that wasn't* sufficient to give us the control we had hoped for. The lack of 
specificity* that hindered the research use of the cycle also created problems 
in the teaching. All of^the people on the team were liberally educated and 
had both a formal education and a working knowledge of electricity, in partic- 
ular the structure and functioning of batteries and circuits. As recent work 

■ A. . • 

has shown (e.g. Heller, T983; DiSessa, 1982), the working knowledge we have of 

physics topics and the metaphors that we use to talk about them do not fit 

*f * . ' 

well with the science that we learn in formal education. - The way. we talk 

about, electricity is so confined to specific metaphors that it often fails to 
accommodate a new, crucial .bit of physical evidence in the world. This kind 
of slippage happened in /our planning for this cycle. Ww devised, action ... 
sequences and metaphors for the children's consumption in lessons but we had 
problems relating our assumed knowledge to the tasks we were devising. Worse 
still, W& had 'difficulty finding ways to talk about the problems. For* exam- 
ple, one of the planners worked within the scope of a water pipe metaphor and 
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another worked in an information processing metaphor; consequently their ques- 
tions, objections and suggestions during cycle construction were incoherent to 
each other. ' « ' 

This problem is unlikely to arise in an experiment on concept learning 
even if similar materials are used, because in Moratory experiments , the 
experimenter can know a lot less about the topic than a teacher has to know.* 
Traditional laboratory problems prcvJ.dfc t*o aorta of safeguards: one is that 
, the script usually works— the ^oves, ever those, of the subject, qan be pretty 
well specified in 'advance; a second is that ucexpecte<F>move8 can.be ignored 
—they either wash out into an^esror term or get &xed up for later runs of 
the experiment , treating "the problematic case a"l%pilot work. 



Even though we treated the classroom as /three groups, trying out the pro- 
cedures on one-third of the class as a pilot study, we couldn't get an "elec- 
tricity lesson" script to work. Although we planned ideal lessons, ahead of 
time and provided ^the materials to be used, we could not predict when a 
child's comment or question or blank 'stare would occur nor could we predict 
how the teacher's response could be designed t6 "save" the ideal lesson. Rely-' 
ing. on the domain of electricity meant that we were being : too broad and too 

novel for the teacher sV ' They could not give. us a good "But suppose " 

objections during planning. Nor' did' our planning all^w us to understand the 
teachers' online decisions about tfhat to highlight and what to sacrifice when 
the unscripted events happened. As a result we had classroom discussions that 
were cohesive in so'.far as they referred to the structure and functioning of 
either circuits and batteries. But the J arrived at .their points with* so many, 
repairs and side-sequences that basic tracers are hard to locate. The teach- 
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era did online repairs and we constructed a supplementary lesson; the curror of 
using a cycle not baSed on deep and broad shared understandings about electri- 
city and goals for pupil outccines became apparent. x 

* ■ , i 

- In contrast, the division cycle was very well toowQ to the teacher whd 
worked with us and- the fourth grade children during the second year of the 
project. Math was ceded as her specialty the year before in the team taught 
classroom. Her pre-service training was heavily influenced by a thoughful* and 
innovative mathematics educator. She participated in summer workshops related 
Jlo mathematics education and was ^active in a -local mathematics teachers asso- 
ciation. She talked with us extensively about the various constraints operat- 
ing on* mathematics instruction in the' school we wbrk^d in: what the children 
had in earlier grades apd what they would be expected to have in later grades. 
She was explicit, not only about What she was going ^do but also about what 
alternative route she was not taking/to achieve her goals. She integrated her 
generjal v pedagogical interest and her sensitivity 'to the local c6nstraints in 
her mathematics* curriculum. ? 

• 4 O 
' • < * l "* ^ 

We wanted a mathematics cycle because it is such a nicely constrained 
domain. The work of Judah Shw^rtz and others at Projects-Torque and the work 'of- 
John Seeley Brown at Xerox provided an analytic edge for us. The talk* the 
black board, and the paper and pencil products* of instruction , were- all amen- 
able to rich analysis. Furthermore; division is clearly a novel topic for the 
children in this claas: Everyone in our culture knows of .the foqrth grade 
introduction to long division and this school was no different. 1 A long 

1. The New Yorker magazine used as a column filler a headline "Pope Seeks to 
End Long Division" with the comment appended, "Fourth graders of the world' re- 
joice!" _ r 
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division cycle met all of our constraints and this teacher provided us with a 
bonus. Our work was merely to get her to explicate her practices, justify her 
plans, and provide us with the openings to make some small suggestions. We 
were essentially prospective documentar ians There was no doubt of her 
knowledge of this domain, there was no doubt about the tracer: the "bring- 
down"^ algorithm. Her script worked; there was a normal procedure that could be 
' re-located from analysis of the tapes. As a*result ,/ wtf are able to note vari- 
ation related to ability grouping and to e^aminj how a complex matter gets 
taught (see Chapter 6, below). 

Between electricity and long division were 5 cycles that applied our * 
approach to cases that' tested one or more aspect of the. teaching/learning -pro- 
cess«.. , ' , 

Restricted domains : referent tracers , - Reacting to the unwieldiness of . 
the electricity cycle, we developed two quite different cycles the first year. 
Each was an important step in our ability to take advantage of the teacher's 
knowledge. In two series Jo f lesson obtaining^ adequate tracers we focussed on 
three categories of information about six Native American groups as they lived 
just prior to extensive white contact. For the third cycle we focussed on the 
variations in two categories of properties of animals.*. We arrived at very 
specific tracer elements that served three purposes: 

(1) coordinated interactions in lessons between teachers 
*and children; 

(2) -coordinated planning interactions between teachers and 
. researchers; . 

(3) allowed us to relocate the tasks in the data records 
of the various problem isomorphs. 
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We elicited extensive help from the research community — libraries, muse- 
urns, anthropologists and biologists. We generated an extensive curriculum for 
each cycle, providing a wide range of background information for all the pos- 
sible activities. We had the luxury o£ choosing among a variety of sub- " 
topics; teacher familiarity with the sub-topic and ,the teachers' gauge of pos- 
sible child responses" were easy to accommodate as we narrowed down our plans. 
*>The tracer element in each cycle was a filled in chart that associated the 
groups of people or the animals with the appropriate variables of the 
categories being focussed on. 

The materials and procedures developed to teach the categories and the 
variables were creative and' quite lovely, ranging from guided discovery to 
role-playing to problem solving to use of written materials. The teachers 
were particularly interested in more or less recapitulating the abstract 
structure of the Native American cycle in another cycle because chey . were 
struck by what they noticed about the weaknesses some of the children had in 
organizing domains of knowledge. One of the children, grasping the important 
point of the Native American, lesson, gave us a wonderful quotation: "They're 
all the same in their own way!" From the point of view of the attitudinal out- 
come for a social studies unit this Was rewarding: Gone was the lindifferen- 
tiated feathers and horses image from cowboy movies and here wap an entry into 
under standing human ^universality and cultural specificity. From the point of 
view of the importance of understanding categories and variables, the 'child's 
comment was also important. 
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« As our work progressed, modifying the conceptual apparatus \ and creating 
new cycles, we developed a deeper . understanding of. the non-trivial relation of 
our work to contemporary education and a theoretical explication of how the 

» 

specific examples and domains relate to basic research issues. 

While memory, especially meta-memory, is not an- ordinary topic in a 
fourth grade classroom, our team agreed that it could be defended as educa- 
tionally relevant. As we developed plans for the cycle on memory, what we gave 
up by and large was the. teacher. Since meta-memory was the content domain, we 
had psychology graduate students who were experienced and interested in work- 
ing with the children to help out. Since it was, in a, sense, memory "tricks" 
that we were discussing, weTtook advantage of the presence of a professional 
mnenonist who taught in an entertaining manner. - * 

We picked one of the mnemonist's devices, unusual sentence elaboration, 
traced it across several "problem isomorphs. One problem with two facets 
became apparent: It was very difficult to initiate the tracer task, outride of 
the, situation where someone, was told to remember a list. .We had a good 
specification from the literature about this meta-memory technique but we had'- 
difficulty planning school or club tasks that would truly motivate its use. 
It wasn't hard , to think of lots of variations on the task (it is a .cognitive' 7 
psychological mainstay). It was hard to find a place in the children's lives 
where they were called upon to remember lists of unassociated items.' The chil- 
dren weren't learning vocabulary in a foreign language; that was\e only' edu- 
cational activity that was suggested as motivation for this memory"* strategy. 
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In addition to the practical difficulty of getting enough interesting 
problem isomorphs where the tracer task* might be "discovered" by the children 
as $hey went about some other nominal task, we found a related difficulty in 
the literature. In spite of the expensive experimental work on meta-memory;/ 
the research community had little to offer about how people outside .of/an 
experiment chose to use ariy particular strategy they might have in their 
repertory of meta-memory aids. A colleague working on assessing, and developing 
the range of memory strategies, that mentally* retarded individuals display 
claims that the work on this, "executive" level is years away from basing info*-, 
mative.. v - ^ — - " > 

The solution of course would be to again teach a specific domain, again 
downplaying the met a- memory aspect. This dilemma, along with l ,the startling 
absence of the teacher atid the rationalized educational relevance combined to' 
make the executioic^ and analysis of this cycle^less interesting to us, espe- 
cial^f as it contrasted with the division and* chemicals cycles of the- second 
year. ^-Overall, the children were able to l^arnrthe strategy and appeared to 
use it across situations. To make more of a claim and' to. make it about meta- 

memory, we now undersc&nd we would' have to examine many specific domain 

•'■ \ ^ . • / ' ':• o f ' s . • : 

cycles, finding a range of activities ( like those that Nelsper (19XX) has 

• ■**."■ ■ " ■ " ' 

, arranged for analytic comparison. . v - 

' .. . ■ . * ■ o 

These considerations, produced a mapping cycle.. The mapping cycle -arose 

M ■ 

as a way to combine two aspects of the schdol curriculum with a current 
research topic. Drawing and mathematical proportions _ were both involved in 
maps; How children varied and changed in the way they represented their world 
in* maps was a' topic of interest. The tracer element was the representation' of : 
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- three-dimensional structures on paper, some mapmaking and aome' map reading 

activities were .designed. Although we had little research and teaching time 

p ' ' ■■ -j 

to devote to the unit, we ran a mini-cycle^ 

Unfortunately, the timing of the cycle' was such that it' overlapped with 
other cycles and continuity among the events In the cycle was lost. The divi- 
sion cycle had the first claim on timing because it had to fit into the year 
long mathematics curriculum. The memory cycle timing' had to be coordinated 
with^ur outside experts as, teachers. Mapping lessons fell dn between ,and got 
rescheduled, and v even abandoned. p We^did not succeed in executing enough of 
the problem isomorphs to allow us the analytical edge that we needed. It was 
clearly the case that there was educational relevance for this cycle, and, 
judging from the children's products, the mapping task was not something they, 
had encountered before. The timing ptoblem disabled our efforts to get the 
needed variety of the situations for adequate' analysis for this project/ 
o ■ ■ * / ) . * 

*The Clubs. During the first yeiur, we designed the club activity as a 

part of each cycle*. We ^relaxed institutional constraints on discourse, mixed 
the child groups in ways that didn't appear in the classroom, changed 4 the 
location fonce in a special resource room, once at the university ^ <jnce in a' 
part of the classroom that had* had its furniture moved), and we introduced, 
outsiders rather than ^teachers as the adult resources. There's fun in the 
tapes. The* children made a blinking Christmas tree, visited a mini-Version of, 
the LawrencS Hall' of Science (courtesy of a consultant from the Hall and local 
pet stores), hunted and gathered wild lettuce and played an anthropology com- 
puter game at the University. However, there was no sense in which the chit- 
dren were electing to participate nor were they co-members in a continuing 1 
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endeavor* And the clubs wore hel& during regular school time. 

■ i 

The second year, we made real clubs. Eliciting help from our colleagues 
who had interesting hobbies, we offered the children a choice of clubs and a 
choice of times outside of school that they could meet. We spent time arrang- 
ing for the children to negotiate interest and friendship groups • We spent 
time arranging to embed tracer t tasks for our second year units in the club 
activities that would be going on anyway. 

Three clubs resulted: a Saturday morning Back Pack Bears club, devoted to 
camping and hiking interests, and two Computer Capers clubs, one on Saturday- 
morning and one after school on Monday. The first task we tried to embed in 
the clubs was a Piagetian combination^ task. The Back Pack Bears combined 
elements of freeze-dried meals to plan for a healthy and interesting menu on a 
long hike. The Computer Capers children were supposed to arrange a combina- 
tions of children for a tournament of computer games, but the task had trouble 
getting initiated with the children who were experiencing their first hands-on 
computer time in a relaxed atmosphere. The Back Pack Bears mapped in relatiQn 
to the mapping cycle, but the Computer children didn't. Both groups did some 
relevant division and memory work. 

The child-only small group sessions in the classroom gave us some analyt- 
ical insights (see Chapter 2) „for further analysis of this part of the 
corpus. Of particular interest for further work is an examination of these 
situations in terms of goaj.- format ion. The difficulty, of getting a task ini- 
titated is not found as often in teacher led groups, but this very difficulty 
in clubs make them an interesting locus for investigating how v children come 
upon a problem and identify it as one where a school learned skill could be 
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useful. The child-only problem isomorphs instituted in the classrooms during 
the cycle provide for a sort of "near transfer, 11 while the clubs provide for a 
11 far trans fer" test of the learning that takes place during the classroom 
parts of the cycle. Even in the child-only settings in the classroom, the 
discovery of the task that we had embedded was not always made. Fpr some 
children, for some cycles, the tracer only came in when the teacher brought it 
in. In the far transfer to the different materials and social setting of the 
clubs, task discovery is even more complex and variable in its appearance. 
Hence,' club settings appear to be very promising for well constrained analyses 
addressing the problem of how educational activity gets transferred to every- 
day life situations. 

Chemicals cycle . In this remainder of this report, much attention is 
paid to the' Chemicals cycle that we ran in the second. year of the project. 
Like the division cycle, it is a ,good . example of the five working principles 
that we started with. In addition, the chemicals cycle provides an illustra- 
tion of how the joint planning can be marshalled to produce and present work 
that can be see\t as non-trivial from either the point of view of educational 
relevance or the research community* 

The researchers searched for some tracer that 

V 

(1) they knew ^ell from the research literature; 

(2) they knewVhJa'd been studied using different sorts of materials 
and with different configurations of social organization; 

(3) they knew .was ' an unlikely part ofwhh'fe" children's prior 
experience;, . * 

(4) they knew had been used in trainingj~€rkperiraents that might 
guide teaching suggestions; M 

(5) they expected to produce variable] performance by fourth- 
graders, f 

* 'i ■ * I * 

Tasks related to the Piageti'an theory of operational stage^ fit the bill. 
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Given both the historical relation of Piagetian tasks to education and the 

•* - * 

current emphasis on Piaget's work in discussions about education, it. seemed 
likely that we could find educationally relevant and important domains with±ti 
which to instantiate a Piagetian formal operational task. 

We did not make the mistake tha.t we had in the meta-meraory planning: We 
knew we needed a specific domain to map the prgblem isomorphs in the school 
lessons onto. While the tasks may be viewed as general in the,, Piagetian 
theory, we had theoretical reason to suspect that domain specificity was 
important to investigate (LC'HC, 1982; Piattell i-Palmarini , 1980; Feldman, 
1980). Furthermore, to" get the practical \sor\ done in the classroom, domain 
specificity provided coordinates" for the planning and the teaching. We didn't 
want to repeat the problems of the electricity cycle, this time allowing con- 
fusions about episteraics to disable our interactions- We al^o t did not make 
the other mistake that appeared in the meta-meinory and the mapping cycle: we 
didn't just create educational relevance, either by^ rationalization or . by 
developing' some integrated curriculum that the teacher could not rely on as a 
motivations to guarantee that the lessons be taught regardless of the other 
demands of the school year and school days. 

The teacher, working on a curriculum committee over the. summer as well as 

■ * * 

with our planning team, brought news about curriculum topics that the district 
was interested in introducing in t'Tthe^ schools . .Together : we examined - the 
existing curricula and the new topics, trying to find some in which Piagetian 
tasks could be embedded. Household chemicals became the focus of our atten- 
tions, and the Piagetian task of "making all the pairs you can and no dupli- 
cates" (the intersection procedure) emerged as thei tracer element. As was the 
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. case with the r successful first year cyclers, we x^ere able to develop enough 
activities and enough mutual understanding of the domain and the tracer that 
we could • choose ajuong possible sub-topics,- and gauge, well the children's 
responses. The on-line repairs and the supplementary ' lesson planning ' done 

I c • 

during the execution of th$ cycle could rely on the well-understood problem 
th^t we were coordinated around. ~ 

The richness of the- educational experience was noticeable: The children 
dealt with the uses'* and"* dangers of common household chemicals (like cleaning 

* • ' " ' * ' *•-.•<. I , ■ 

agents). They Had access to -the reasons that the products worked, what cer^ 
tain ones, had in' common 7 , and how *the ingredients acted in combination to 
accomplish their function. They developed consumer awareness as they dealt 
with labels and with homemade chemicals. In addition they learned a bi't about 
scientific methods, a procedure for epistemically arriving, at alX the possible 

s ' . 

combinations of; pairs of objects, and how records could be kept to aid in.. an 
investigation. Several chapters of this 'report ■ are J devoted ■ to this cycle 
because of i'ts richness in illuminating several of our key > issues at once* 

Cycles and models . . " "\ 

From the problems that we ran into we learned to define what it means to 
build artificial educational models, is what building artificial models is, 
all about. __We knew from the start thgt there would be a blurry line between 
Che task and the social organization in which it appeared. Our model would 
have to handle this blurry line: it would have to embody strategies for treat- 
ing what other models or .. theories call the cognitive versus the social 
-■ . . < 

aspects; We took ideal cognitive tasks, our. tracers, and tried forcing them 
into a variety of social configurations. Our major effort was to do enough 
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work with the varying social situations so that we could specify"" how it * was 
the case that tasks appeared or disappeared or became mutilated or 
transformed* As soon as we could dcr^that, our model would be a model. of cog- 
nitive change :^ the persons in\the situations are the ones who have to carry 

out the tasks, who make them appear or fail to, who transform them into easier 

r 

or harder or very different versioiis of *what might have, been tliere. 

The analysis of the research problem that we started with developed, of 
course, as a result of our confrontation with the reality of the classroom". 
We came to view our work as. one example of a "formative"^) experiment. It is 
also a concrete example of the principles we discovered about cognitive 
change, now applied to ourselves'. First, our learning was the \resul t of c$r— • 
rying out a. joint activity "with others who had a different analysis of our 
shared situation (i.e., practicing teachers); second, there were^ concrete conr 

straints from the specific domain we were all working in that increased the. 

.* . * 
chances of shared understanding and decreased the chances of the task, disin- 
tegrating; third,, % we were not subjected to^ direct instruction (which in any 
case* we would not have understood at the outset!), 'fourth, our new formulation 
of answers to 'the questions wtoe posed was first worked out inter-personally in 
the interactions we had with the te.achers, , with our colleagues and among our- 
selves before any one of us. felt individually (intra-personally) that we had a 

firm grasp of our current analysis. % >■ 

• **** ■•' v . . ~' % 

• ■ ■ ... * . * . 

*These features of ^ our learning experience ate familiar, to most research- 

er^' who have tried to collaborate., with others. These features are generally . 

absent, however, from most current accounts of cognitive change, " wie - hope 

we can show, this , pattern of mutual disinterest is not accidental. There are 
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systematic reasons for the psychological assumption of 1 the individual as a 
unit of analysis which have been, extremely important in shaping 
educationally- focused research. Our goal in this report is to provide an 
alternative system based on, and illustrated by, the interactions v?e observed 
during our work in the classroom to provide teachers , and policy makers with 
the means to deal with the pressing issues they face daily. 

At the end of this report we will return to summarize our conclusions. 

< ** 

The Plan for., this Report - - - % , 

The first Chapter makes the case- that laboratory tasks systematically 
obscure the process by which the subject comes to have the goal of the task. 
The task is the Cask as understood by the researcher and the goal is already 
prepared 'by ■ the researcher as a condition for obtaining sufficient control 
over the experimental situation- The fact that a subject, ^especially a child 

subject, may have an alternative analysis of the taslc- is either corrected dur- 

' . * - J * .,t\ ' • ' ... 

s I 

,irig the instruction phase or is made invisible by the coding Scheme by which 
the subject's performance is ^ measured. By comparing laboratory and peer, 
activity versions of the „" same task" we can clearly see this limitation on the 
laboratory setting. In the peer activity the children's alternative analysis 
in many cases led them- to \carry out a dif f ererit task from the one they all 
carried out. under the constraints of the laboratory. But we can also see 
tVfat, in principle-, the researcher is*not much different from the teacher. In 
both cases we must appropriatie the child's actions into' c^ui: own system of 
activity. The teacher creates interpretations of the child'^ actions that 
organise the .interaction between the teacher and the child. To a* large 
extent, this proce'ss cff appropriation can go on irrespective of the child's 
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prior system of activity. A version of this chapter will appear in an edited 
volume concerned with the development of everyday cognition: (Newman, Griffin "& 
Cole, in press) 

The second chapter sets out the essentials of a theory that can ade- 
quately account for the process of appropriation that we see happening in 
teacher-child interaction. We find in Vygotsky's soci&historical theory and 
Leont'ev's theory of activity concepts of enormous usefulness which h^e been 
^largely overlooked in American cognitive psychology. These approaches provide 
a strong base for a theory of learning in interaction because they treat 
social interaction in a principled way as a source of change. The concept of 
appropriation in fact can be found in &eont p ev's theory where he speaks of the 
child actively appropriating the tools of a culture. Our usage ^includes . the 
reciprocal: the culture appropriates the child's actions as a way of giving 
them meaning. We also discuss Vygotsky's important concept of the "zone of 
"proximal. development* which for us refers to the organisation -of teacher-rchild 
(or moYe feenerajly, expert-novice) interaction. We £ind that a full account 
of tjie appropriation process requires that we consider the ways that the child 
can internalize the organization of that interaction. ' That is, the chil"d gra- 
dually takes over the interpretations of his actions that are supported in the 
interactive "zone" by the teacher. We explain how such a view of cognitive 
change requires a theory in.*wh.ich abstract schemata can have an interpersonal 
;as well as intrapersonal existence and ifl. -which" behavior is' not uniquely 
interpretable. Among the benefits of this theory is < an account of hpw taore 
powerful, structures can .develop in the child.. Higher-level % structures are 
appropriated by the child from the interaction between himself and the 
teacher. This chapter is based on a paper presented at * the biennial meetings 
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of the International* Society for the Study of Behavioral Development (Griffin, 

•. • ■ * 

Newman & Golq, 1981). 

The following four chapters return to data from our classroom corpus 

expanding on issues thfit follow fi^ora the above theoretical considerations. . . 

• $ " • . - */ 

The third chapter takes up the problem of coding cognitive processes in a 

classroom. We point to the possible misappropriation of children's behavior 

by classroom researchers- Two standard schemes are applied to a small group 

lesson. v We find that the schemes work only for children who are engaged in 

the task as understood by the teacher. A^shorter. version of this chapter 

appeared in the journal, Discourse Processes (Griffin, Cole & Newman, 1982). 

* c 

In the fourth ehjapter we discuss -iow VygQtsky's concept of the "zone of 
proximal development 11 provides a method for assessing children^iile in 
interaction with adults. .Our attempts ^tt^^use this . method indicates crucial 
limitations that ^arise when A the "observer's" task is teaching rather than 
research* This chapter is based <?n a paper presented at the annual meetings 
of the American Educational Research Association (Newman & Broyles, 1982) and 
has been submitted f&r publication. * , 

In the fifth chapter* the teacher whose classroom was the setting for our 

experiments, discusses the conflicts inherent in the teacher-?researcher rela- 
ys. " * 
J. * . 

tionship-. tfer observations are a "powerful illustration of how classrooms and 

*» ^ 

laboratories differ as contexts for conducting research. This : chapter 

° ' • - * v ■ ' 

appeared originally as* an article in The Quarterly Newsletter of the Labora- 
tory Of Comparative . Human . Cognition (Quinsaat, 1980). 
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In the sixth chapter we show how the "zone" is actively constructed in 

.the teacher-child interaction and how it becomes, organized differently when 

-s- 

the teacher Interacts with children with .different entering skills. The 

i '.'•*' 

analysis, is based on data from a set of lessons designed by the teacher to 

teach long division* We find that the learning of a crucial step in the algo- 

rithm was neither taught directly nor invented by the children- Rather, it 

emerged in the interaction as the teacher appropriated the V trial and error 

attempts of the children and used them to instantiate the expert strategy. 

Differences in ability groups led to differences in this interactive process 

such that the lower ability groups were unable to move beyond the 'teacher's 

explicit instructions. Aversion of this chapter has been recommended for 

\ '' 
publication in the journal, Cognitio n and Instruction . 

We conclude by specifying the implications of our work, for researchers .irf* 
the cognitive sciences and for educators and others concerned with improving 
the quality of education. 
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■ CHAPTER, 1: ( 

/ 

FINDING GOALS OUTSIDE THE LABORATORY 



Our point of departure is the psychological laboratory. Here the inves- 
tigator constructs a. model system within which it becomes possible to make 
principled, but limited, claims about hypothetical processes (currently 

referred to as cognitive processes) that can be said to mediate between states 

- / . 

of the artificially created environment and behaviors of the subject'* 

» ■ \« 

The key to making claims in the laboratory is the psychologist's control 
over the task and the corpitions under which the subjects undertake the task. 
In terras of experimental Jnethodology ,'two kinds of control are . necessary. One 
Is obtained by carefully contrasting particular conditions in the model system 
and by haying a sufficiently, large number of subjects undertake the samp, task 
under the same conditions. This is~~ref erred to as experimental design. These 
design cqntrols presura&^a practical control over the task e.g., the goals of 
the subject's behavior and the conditions the subject is subjected to. The 
experimenter must be sure, for example, that subjects are actually working on 
the task they are expected to ^be working on . arid that it is the subject's 
behavior, riot somebody else's, that is being recorded. 
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Whether we use laboratory settings for testing cognitive theories or for 
administering psychological tests, b we like to believe that- the cognitive 
processes we model, and the cognitive accomplishments that we test for, 
represent more than esoteric garnet. There is no 'doubt that performance in 
these games count. Cognitive tests not only predict school success, they are 
used for a wide variety. of decisions that influence economic fates. But as 
many commentators have noted, the constraints on activity used to create model 
systems render them systemat ically dissim ilar to the systems of- activity 
created in the society for other purposes (Bar tlett, 1958; Cole, Hood & McDer- 

T 

mott, 1978; Lave, 1980). As a consequence, our cognitive theories are weak 
in just those areas where they - relate most closely to practice— to those 
"everyday 11 cognitive tasks that are significant contexts in our lives. 

Thi\ chapter is directed to the question of how behavior occurring in one 
kind of setting (defined in terms of its social organization, participant 
goals., etc) can be compared with behavior in another kind of setting in ways 
that are productive for cognitive theory and that contribute to educational 
practice * 

W6 will discuss examples from our data in which children confront the 
"same task" in two different settihgs. These data allow :us directly to' com- 
pare children's^ performance fxi a rather standard, laboratory-derived task with 
behavior in a loosely supervisee! '^science activity. On the/basis °o£ our 
analysis of the way the children confront and are Confronted by these tasks, 
we will argue that the standard "division of labor" between researcher and 
subject in laboratory settings tends to. obscure- an important feature o£j cogni- 
tion. When 1 experimenters preserk" a well defined task to the subject, in a 
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standardized way, they have little 'chance to observe the formation of new 
goals?* by the subject or his/her application of a procedure to new situations. 

In making these comparisons, we do*not assume one sotting to be more 
valid than another for the characterization of .cognition. JRnther wt» argue 
that both kinds of settings make available for analysis, important, and dif~ 
ferent, aspects of cognitive activ^^ r . We believe that the integration of ana- 
lyses from these, different settings will be required if we are to construct a 
cognitive science that' is relevant to a general range of human environments 
fot learning and thinking. 

Making the " Same Task" Happen in Different Settings ■ 

* «* 

c' In the early stages of this work„ Cole and his colleagues set out to 

locate psychological test-like behaviors occurring in classrooms and after- 
school clubs. The idea was to analyze the nature of known cognitive tasks 

" . * 

when they arise in these nonlaboratory settings. -* 

In the subsequent phase of our work, we have, in a sense, reversed the 
earlier strategy. Instead of waiting around for something recognizable as a 

^cognitive task to appear, we set out deliberately to find ways to ~- make 
hypothetical "same tasks" happen in several ^settings inhabited by the same 
children. "" We worked closely with teachers and club leaders to construct a set 
of activities (one-to-one tutorials, small group lessons, child- guided work 
groups) all of which had a particular problem structure embedded within, them. 
We went a step further. We put into those various settings what we call 
"tracers". The tracer was some bit of knowledge or some prdcedure which we" 

' taught the children in one of the settings and which wou^d be potentially use- 
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fill if they recognized that thciy had been confronted with what they considered 
the same task in the new setting. This set of constraints'' greatly increased 
the probability of finding good candidates for analysis ,<ind of uncovering how 
the "same task" is transformed, made easier or more difficult or 'avoided 
entirely under the different organizational -conditions . 

When is a Task the Same ? % ,. 

/ .-. \ • * : 

We put the term "same task" in quotes because the sense in 1 which « two 

tasks can ever be considered the same is a central question for this analysis. 

It must be said at the outset that we had no illusion^ that a ■•cognitive task 

could be specified independent of its social context. Our orientation was 

^ quite the opposite. From our' perspective, cognitive tasks are always social 

constructions. Transformations of the social organization of the tasks that" 

we studied drastically changed* the constraints on behavior, thereby rendering 

the tasks instantly 'different according to widely shared ideas of what consti-' 

tutes a task in cognitive psychology. It was our hope that by highlighting 

the way in which our efforts failed to make the "same task" occur in different 

settings, we could arrive at a clearer specification of the class of social 

constructions represented by such activities* as tests and experiments. (See 

LCHC, 1978, 1979 for a discussion of the history ".of the viewpoint in our col-' 

labora£ive work) . * ..... t 

WlVen we set out to make "same tasks 11 happen our idea was s to create a feet v. 
of what are called "problem isoirSfcphs" in cogn.tive psychology. Problem iso- 
niorphs are a set of problems which share an abstract structure but. differ in 
concrete content (e.g. Reed, Ernst & Banerji, 1 974; Gick & Holyoak, 1980) . ' * 

In the cases we will be discussing, children were asked at one time to make " 

■ ' ■ •■■.•* ■ ■ ». * 

i ' ■ ' ^ . . ' ..' ' .■• 

o • . < ; u 33 .. '.-■•■L 
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all the possible pairs from four stacks of* differently c.6lored "cards and at 

another time to make all 'the possible pairwise mixtures from a t set of four 

, v . . i » 

chemicals* In cognitive psychological studies (where problem isomorphs are, 

*' * 
\ • ' ' 

used to study the effects on n subject's performance after experience with a 

problem u oi the same kind 11 ) every effort is made 'to change only the content of 
the* problem leaving. the abstract form of the procedures, initial conditions, 
legal moves, and goal unchanged. So, in our example, the content clearly' dif- 
fered but the abstractly defined goal of "finding all the pairs 11 remained the 

same • . , 1 , * • , 

* ■* • < t 

The "problem isomorph 81 formulation for what we were trying to do might 
have worked out fine except that we changed a feature of the task environment 

which is almost never altered in cognitive psychological research. In the 

• •* * ^ 

chemicals activity we departed fjrom the one-to-ope social organization of the 

standard laboratory setting; we had 'groups of -children working together. *,This 

* * ... Hf< 

6hange in so.cial organization not- only -increased the social' resources avail- 
able for solving the problem (thereby making it hard to say who did what). It 
also changed the source of the problem and thereby the .nature of the task. In 
the one-to-one situation the tutor motivated the problem as the one" to be 
done, i,.e%, the children w&re presented with the task of finding all the pairs r 
of problem elements. In the chemicals situation, the children ftad . to . formu- * 
late the problem, * for " themselves \as tbey began to run out of pairs to mix. 
This shift in the origin" of the task clearly chattges the nature of the task 
such that one would -hesitate to call the two vers io^jtf isomorphs" . 
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Because task in cognitive psychology is a goal plus constraints on readi- 
ly 

ing the goal presented b^ the resear cher tio the subject, the researcher does- a 
lot. of work to formulate a clear task. In everyday situations people do^not 
always have the "advantage" of this kind of help — they often have to figure 
out what the problem is, what 'the constraints are, what resources are avail- 
able as well as to solve the problem once it is formulated In everyday 
situations /people arc -confronted- with the "whole 11 task, not just the solution 
part. 

, H 

Armed with this broader conception of the "whole task" we have some hope 
of analyzing the transformation of a task when it is embedded in different 
social settings. When we look for the ."same task" happening outside ^of the 
laboratory we... have to look for how the work of forayjLating the task (which is 



done by the experimenter in the laboratory) is gettj3tr> do ; ^e and who is dbing 

it. This analysis will provide us with the basis for -argiiing that jthe practi- 

. * , K 

cal methods of maintaining control in the laboratory lead , us to ignore the 

•ft"* 

crucial processes of formulating the tank ajid forming the goal which are often 
the responsibilities of people in everyday settlings. » 

We can now turn to the concrete details of how tried to make the "same 

>»■ . 

task" happen in different settings and to the analyses .tftat our efforts made 
possible. j 

The Combinations Task • * 

To create examples of the "same task" in two different settings we needed 
a task that would have as a solution an "easily analy zable and recognizable 
procedure that the children would not already know. This solution, was pur 
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tracer. We found an appropriately simple but. exotic task among a set that 
Piaget and Inhelder (1975) used in their studies of combinations and permuta- 
tions. One of these tasks was aimed at the ability to generate all possible 
pairs from a set of items (they used stacks of differently colored chips). 
There is an accepted "formal opera tional" procedure for the systematic Solu- 
tion of tKis combinations problem* which we thought was both elegant and prob- 
ably beyond the capacity of our fourth graders' as individual inventions. For 
us, the combinations task was also useful because Inhelder and Piaget (1958) 
studied another version of it which^ involved combinations of chemicals. Since 
the classroom teacher was already planning a unit on "household chemicals," we 
had an opportunity to embed this well analyzed cognitive task into the ordi- 
nary course of classroom activities, 

o ' 

"Laboratory" versio n -/f the task . In our one-to-one tutorial situation, 

each child was invited into the library corner of the classroom by a 

» 

researcher and wasv presented with stacks of little cards. Eacli stack of cards 
was of a different color and bore the picture of -a different TV or movie star. 
Starting with four stacks,' the child was asked to find all the ways that pairs 
of - stars could be friends. Specifically, the child was asked to. make all the 
pairs of stars and none that were the same. The child then usually went about 
choosing pairs of cards from the slacks and placing them in a colurfm. 



2. We were not concerned with testing Piaget's theory or testing the 
children's "operational level"; we chose the task for its usefulness as a 
- traqer in our design. VJhile we occasionally make use of Piagetian analyses, 
we are, essentially" taking the, task outside of the . theory which generated it. 
But for a discussion of Piaget's theory in relation to our/approach see New- 
man, .Riel & Martin (1&83). 



V 
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When the child had done as many pairs as' s/he could, the researcher 
instituted a short tutorial before doing another trial of pair making. She 
asked the child to check to see if s/he had made all the pairs. If the child 
did not invent a systematic procedure for checking, the tutor suggested one. 
She would ask "Do^you have all the pairs with Mork 11 (if Mork were the first" 
star on the left). Then she would ask about the next star to the right. With 
these hints, we wanted to give the child the idea >of systematically pairing 
each star with every other star. We could then see whether this systematic 
procedure carried over to the next trial at making combinations. * 

When the checking was . finished, the star's were put back in their piles 
and a fifth star was chosen. Again the cliild was asked to make all the possi- 
ble pairs and none more than once. At this point, "many of the chill?en began 
by making all the pairs with the left most star.. This star was combined with 
each to his/her right. Then the second star (from the left) was combined with 
each to his/her right and so on until all the combinations were made. For 
children^ who did not arrive at this particular system of producing pairs, the 
checking procedure was repeated. But this time the tutor gave as explicit 
instructions as were necessary to ''get the »child step by step through an entire 
check. That is, the tutor would ask about each star and his/her pairing with 
every other star in a systematic left to right manner. In the final trial, 

the child chose a sixth, star and a-frfceftpted to make all the possible pairs with" 

c 

six. , * 

The 11 tracer 11 procedure.. The tutorial accomplished two things. First f it 
acted as a preterit, we tested each child in a typical laboratory setting on 
one version of the combinations task. Second, it taught each child a pro- f 
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ccdure for determining that he has all the pairs. ^ The procedure of combining 

v 

-each item with each other item could then act as a tracer in a later task with 
a different social organization. If the. children later used, the particular 
procedure" we taught (and. if it were reasonable to assume that the procedure 
would not be usted except for the goal of finding all pairs) then we could say 
that the children's use of the procedure would be evidence that the chil rt d- 
participants had identified the "same task". 

* * 

Piaget's analysis of ..this, procedure is useful to consider because it is 
abstract enough to be considered to .apply to combinations problems presented 
in other modes. He referred to the procedure as "intersection." As he -con- 
ceived of it, the child is coordinating several series of correspondences. 
This can be understood as treating the single array (of four stars, for exam- 
ple) as if- there were two' dimensions which intersect. 3?ach item on one ditnerH 
sion is paired with the items on the other dimension* in the manner of a matrix 
like that shown in Figure 1. With this matrix conception, choosing pairs fol- 
lows planfully from beginning to end* All the child has to do is work through 
the matrix. ^ In contrast, a child without the conceptual matrix will typi- 
cally make pairs without an orderly pattern or will make patterns such as 1&2, 

**** 

3M, 2&3, 1M. Without the matrix concept; the child ^ill not be certain he 
has all the pairs; "he just can't think of" any more patterns. This endpoint 
lacks the certainty or sense of naoaasity that is found in the intersection 

3V The task as formulated by the researcher was to mkke all the pair.'", and no 

duplicates. We will concentrate our discussion on the goal of ■ getting all the 
pairs which was the primary focus of the checking procedure.. 

* • ■ . • ' . " /- ' 

4» If the child is just checking if all the pairs are,done^it is. often just as 
easy to go, say, row by. row even though checks are duplicated. * In th$ produc- 
tion of pairs where duplication is not allowed, the system of dropouts is usu- 
ally used so that only, say, the top half is produced. 
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procedure. ■' » * 

■»'••• • ■ \ 

We, can consider the intersection procedure to be potentially general 

enough to apply to any number- 'of .or any kind of items should the structure of 

the activity make it useful. In cognitive psychology, such aru abstract and 

general structure would usually be palled a "schema" and tyrould be considered 

to be a feature of a sub j ec t' s» internal conceptualization* (cf. Abelson, 1981, 

Rumelhart 1980). We will be looking for this "schema 11 outside of the labora- 

tory, and we have frj be careful not to give it an 'exclusively mental status. 

In looking for this schema in the peer interaction setting which we set up 

later, we had to allow that it would be found as much to be mediating social 

interactions as to be^ mediating an individual's actions; Even using this 

tracer as a .frame* for comparison between the ^wo settings, our attempt to 

locate the. "same task" would be far from straightforward. " — * 

The chemicals task. The second setting in wh^Lch we attempted to locate 
acer" lookdd very different Jwf'om the. movie star tutorial. We developed, 
in collaboration the classroom teacher* a unit on household chemicals. A 

series of lessons and activities lead up to the second version of the combina- 
tions problem. It was presented as a special work-table activity. Groups of 
two and three children went to the* back of the room where/the teacher super-* 
•vised some science activities one of which involved making combinations of 
chemicals. J Each group of children was given four .beakers of colorless . solu- 



tions which were ^numbered for easy reference,' a raplc of test tubes and a sheet 



5. The children did two versions^ r of the combinations of chemicals^task a few 
days ajpart. A second version closely resembled the original Tnfrelder and Pi- 
aget procedure, but the one we will discuss here was slightly ^simpler and its, 
goal more closely r matched the combinations~of-mov 4 ie-stars tdlslc. " 
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ffF* paper with two columns marked off on which to record "CHEMICALS" and • "WHAT 
HAPPENED • 11 The/ four chemicals had been chosen (with the help of UCSD chemist, 
Dr. C. Perrilfi) such that each pair would have a distinctive 'reaction. ' • 

« The written wor^ksheet instructed the children to find out as much as they 
could about *Ehe chemicals by making all the combinations of two and recording 
the results. After getting a child to aloud the instructions , the 

teacher reiterated some safety precautions and directed the children to-make 
all the possible pair's without duplicates. The teacher then sat down at the 
end „ of the table and busied herself with paperwork so that she could observe 
the children without directly supervising them. She* intervened on occasion 
when children .ran into difficulty or asked for help, but, for the most part, 
the pairs of children worked on their own. It was thus more markedly- like a 
peer* group Activity with fdwer laboratory-like constraints on what was to be 
done or how to do it than we typ.ically observe in cognitive experiments. 

How We Tried to Make the v> Same Task 11 Happen , ^ ^ 

We went to considerable effort to give the tasTc a good chance of happen- 



ing in the two settings'; Most notably, in both- ca&es the researcher or 
teacher stated the goal of making all the pairs at < the initiation of the prob- 
lem. These instructions' were not always suff icient to make. the task .happen, a 
failure of instruction that enables* sotoe of the central claimfc we want to 
make. . - ■ * " ^ 

We anticipated some difficulties in getting the task * to happen in the 

chemicals setting. The movie star activity posed far fewer practical prob- 

• * ■• * * . 

lems. The movie star cards were just, the right size for placing one pair 
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under another in a neat and accessible column (on the mat next to thek child) . 
Once a column was constructed, it was easily scanned and checked (the cards 
we*e brightly colored and the pictures were distinctive) • The chemicals 'were 
much harder to manage. They had to he transferred from beakers to test tubes 
and once a pair was in the tube there was no automatically available visual 
record of which ones had been put in. 

If the N children were unable to mix and keep track of the chemicals we 
could hardly expect them to^attendto the, task of getting -all the combina- 
tions* Our solution was to set up an earlier lesson in which the children had 
to place a solution from a beaker into a test tube and record the results on a 
form which was to be used later in the combinations - chemicals task. The 
recording paper (and the previbys instruction and practice on. using it) pro- 
vided not only an "external memory" for each child but also a common reference 

* -r 

•3 , 

for the groups who jwere (expected to be) working together. * 

There is, of course, no way of measuring precisely t^e relative diffi- 

culty of the two situations. But such comparability is not crucial to our 

. , ' f i _ \ ■ 

analysis. In spite of the J-png list of .differences . between the~ two situa- 
tions, there was still an important way in which they were the same. They 
were both settings in which the intersection procedure — 'our tracer — is 1 poten- 

tially useful if the children accept our notion of the task. However, the 

/ ^ * ■ ■ * 

nature of oi.r enterprise required' that we take some chances.. In the chemicals 

activity, we could not direct the children to use the tracer or force the task 
to happen. The lack of teacher/researcher direction was the crucial differ- 
ence we wanted to maintain. If, despite that difference } we were still able 
to, loc&tc the tracer we would have? an anchor point for which to begin an 
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Comparing the Two Settings 

We started out assuming that we had problem isomorphs in the ordinary 
sense. We suspected that this. assumption would not ultimately be warranted 
but we wanted to push a standard approach as -far as it would go, to discover 
how it bjoke down. The problems . this, approach ran into forced the alternative 

analysis which we will describe below. 

k ' - ' ■ * 

Ovir I nitial A ttempt to Code Performance 

Once the videotapes were collected, we started out- somewhat naively to 
code - the events for occurrences of our tracer* Once coded, we could simply 

v * 

run a statistical test to see if performance on the two tasks was correlated/ 4 
If a child usejs the ^intersection procedure in the movie star task is he likely 
to use it in the chetaicals task?" Or is it the case that different children 
used it in one setting or the other? 

In coding, both tasks we were liking for any instance of a child going 
through a sequence like 1&2, 1&3, 1-&4 2&3 and so* on, i.e., a sequence in which 
each item is paired .with every other item in a systematic way .we could recog- 
nize. (The sequence could contain duplicates). The. sequence could be either 
a complete run through of the procedure or a fragment of the -procedure (e.g», 
all the 2's: 2&1 2&3 2&4) v We used a. three point scale where "1" meant no" 
fragments of the procedure were found, "2" meant that some fragments of the 
procedure were found, and M 3" meant that the child produce*d at least . one, com- 
plete run through of the procedure. 
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In- -the- move star task, only 3 children (out of 27) started ou't in the 

first trial using the intersection procedure. But. after the checking 
tutorial, 17 children used a complete run through of the procedure (and 4 oth- 
ers used it. partially) in the second or third trial. In the chemicals task, 
the coding credited only 4 children with a complete run through of the pro- 
cedure although 8 others did at least one set (e.g», all the 4's). In sta- 
tistical terms > the conclusion from such a coding approach is a low correla- 
tion between performance in the two settings (Kendall's tau is .37; with 1 
child doing a full run through in the chemicals but producing only a fragment 
in the last trial of the movie stars and 5 children using it in 'the movie 
stars but not at all in -the chemicals). 

We might also .. take these^ results to indicate t, in some ^sense, the 

movie star task was easier, confirming our suspicion that the chemical materi- 

» f „.•'.• 

als.were difficult and unfamiliar. The result was also not surprising given 
that we taught the intersection procedure just before the second movie star 
task, a lesson that came months before the chemidals task. • ^ 

But , for the current discussion, there i~s a more important . sense in which 
the raovie star task was easier. It was fat easier to code* .For one thing, we 
knew exactly where to code. We were interested in just the testing trials 
where the child was put on his own to produce the pairs from 4, 5, or 6 stacks 
of stars." In contrast, in the chfcnticals* activity the intersection sequences 
were located at various points in the episode in the children' s talk about 
what pairs had, orjvad not, been dpne . . Also , children were not isolated from 
sources__of help. 4 The intersection sequences which appeared . during the chemi- 
cal task were often collaborative productions* which were difficult to code in 
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anything but an ad hoc way. . 

These differences provide us with crucial points of ( comparison. The 
coder's problems are symptomatic of differences , for the participants (includ- 
ing the teacher and researcher) in what the task is and how the work gets 
done. 



Locatin g; the Tracer in the Chemicals Activity . 



<» V 



The chemicals activity presented us with difficulties from t^e beginning. 
We can gloss these ' problems in locating'our tracer i.e., the intersection 
procedure. There were two kinds of difficulty: a) knowing where t\. f'n J *:he 
tracer in th^ course of the children's activity, and b) knowing\to whom we 
should attribute the procedure. 



Finding' the tracer . We thought that the children would use the ^procedure 

(our tracer) .to produce the pairs of. chemicals as they had produced ^he pairs 

of movie stars in the tutorial. We thought that some of the children would 

■ ^ ■ i. 

start out with, say, 1&2 and proceed to do all the pairs with 1 and so on 

through. the six possible pairs. This never happened. Instead, the griups -of 
-children 'started, with whatever pair was most convenient or was "thought of 
first 11 (for lack of a better description). The sequence of ? pairs either mani- 
fested no pattern at all or took on^pattepjs^sroh as, for. example, doing the 
middle then the ends. These patterns were not usually produced as part: *of a 
jingle, coherent - sequence by .the children. For example , # one common pattern 
started with' 1&2 then 3&4 when the two children' wKb were part of the" group but 
working independently, each took the two beakers closest- to him or herself . 



When it appeared, *i^ie intersection 'procedure arose in the talk among t 
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le chil- 
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,dren. When the children could not think up another pair that. had not yet been 
clone they would discuss the written record or would consult 'one another's 
memory. . ' • * ? 

A group composed of Thomas, Candy and Elvia" provide a good example . ot 
this process. At the beginning of the task they settled on a tur n- taking . 
order which they maintained throughout. During a turn, one child would btfth 
mix the chemicals and record the results. (This is not to say the children 
were working .alone; many of the decisions about what to mix and how to. 
describe the result were made after extensive discussion.) At* each new turn, 
•oneK child would choose a pair and the other children would check it agaipsi 
. the' recbrd. % The sequence d'f choices followed no apparent order through the 
six possible pairs and, until the last two pairs, the children had no diffi- 
culty* thinking up a riett pair that had not been done. The last two pairs were 
&lso arrived at without apparent system but., with growing concern about finding 
more to do. - AEter Candy's second turn, the ?ix pairs had been- done but Elyia 
/took an empty test tube from .the 'r*ack, preparing to mix another pair. With a 
sigh, Elvia says "I don't kne^w what color to use now ..." Thomas suggests 2&4 
but Elvia finds it on the worksheet. Thomas jokingly suggests 2&2 and Candy 
suggests- 2&4 ag^fn. Thomas thiuks of 2&1 but finds it has .been. done. Candy^ 
suggests 4&2. There Jt^s a mild rebuke from Thomas that it is the same as 2&4. 
Elvia comes up with 4&3 but Candy fincis it has been done. Elvia suggests 4$1 
and Candy recalls that she did it. - At Siafc point Thomas says "there's no 



more," Candy thinks; of 3&1 and Elvia thinks of 3&2, but they find- both- of 

V , . ~ - ' ■ . • • . . * -*sf- 

those on the written record too,. Then Elvia suggests 3&4v At that point Thoj- 

mas says "wait a minute, kay, we got, okay we got all the l's." : He moves hdJs 

finger up the record sheet arid hesitates when he only finds two of them but 
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then finds the^third. Candy' says "all the ones with 2?: 2&3" and pauses then 

i 

says, "they don't haVc 4&1," but. Thomas^points it out. At that point the 
teacher asked "You have them all?" And Thomas answers "yep." 

The intersection sequence can he recovered from this interaction. For 
nlmojit-a minute, the three children name, off pairs with 4 'until Candy moves to 
3&1 aftet which Elviia* names the other pairs with 3. Then Thomas looks for all 

the l's and Candy suggests looking for the 2's. The order is not "perfect 11 

f v.. i 

but as a group they manage to check through all the pairs with each of the 

f. 4 

chemicals. ? 1 Y 

(-■ - *■ ' ■ - 

'- * " . . t ' - "■ 

Finding our tracer, the intersection procedure, in the talk o among the 

children as they set about to check their work -should not have been a 

surprise*. The tracer 'was first introduced during the movie star* tutorial in 

the^ tutor-child checking interaction. What we found was that the children who 

used^the intersection schema incorporated it as a checking procedure in their 

production of pairs. They used it in much the same way as they were taught to' 

use it: as a checking* procedure. ~ ". « - '* < 

■ * , ■ ■' " 

* Determining; who did it. , We expected the second difficulty. Because the 
children were not working alone we could not always attribute X he procedure to 

a single^ child In the example of Thomas, Elvia.and Candy the sequence- was 

■. * » . . * \ * 

* / • 

made up of contributions from all- the children and no child carried out the 



6. Usually these checks would not strictly follow the 1 to 4 order but would 
skip around partially "depending on the order the combinations were recorded on 
the worksheet. For example, a child would, search- for all- the 4's by reading 
down the .worksheet and naming off ail the pairs with 4 as they were encoun- 
tered. This strategy has the aflvantage of making the search of the record 
more efficient although it means . the memory load "Us increased because the 
child must keep in mind'which of the pairs" with 4 have been found.. •'" 
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whole strategy independently. We want to say then that the Intersec tion 
Bchomn is regulating t:ho Interact Jon among th e c hildren ' rather than just -regu- 
lating the individuals' actions. 

It is al90 the case, however, that peer collaboration in the chemicals 
activity did not automatically obscure individual accomplishment. Some chil- 
dcen divided the labor in such a way that it ' is possible • t:o« attribute the 
schema to an individual. In -one case, two boys who were best friends colla- 
borated closely such that Jorge would write down what Mike mixed and whejji they 
exchanged turns Mike recorded what Jorge, mixed. - They alternated turns through 
the . six possible combinations which did not .follow any apparent pattern. . At 
that .pQiut , # -Mlke took out a test, tube to begin another combination, but stopped 
to look over at the record* Mike started a checking sequence at 1&2 and from 
there , continued through the whole sequence ending with 3&4. While ha. v^as nam- 
ing the chemicals, he pointed to the numbered beakers which remained in a neat 
ar-ray'J Jorge, in the meantime read the r'ecord, finding the combinations Mike 
Lng. Mike and Jorge divided up the checking roles j lis t i?s c ' /they had 
up the roles in producing and recording the chemicals. One dealt with 
the chemicals while the other dealt with the written record. Because Mike was 
the one to name off the sequence of pairs we do not hesitate to attribute. the 
schema to Mike. But it is also" clear that the- schema is r.egulak^hg the 

. '\ *. ■ ;■ . : - • y [ 

interaction between the two boys.„ %Thus we find again that the intersection 
schema is not , just, or even, primarily, an interna! knowledge structure. It is 
al&o importantly > locatab^d in the interaction atnpn g the ^c hildren . It is, in 
Vygotsky's terminology, an interpsychological , cognitive process.. 



divided 
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JLti an important sense the accomplishment of the intersection procedure 
was \always a social . accomplishm&nt in our data. When we look back" at the 
tutorial it is clear that the creation of the protected system in which the 
procedure could be carried out unimpeded was a piece of collaborative social 
organization. Such organisational support for problem solving is a systematic 
feature' of settings organized for individual assessment. But when individual 
assessment is the motive for the activity, the organizational efforts tend to 
go unnoticed because they are background to the "data". Jn the less con- 
strained setting, Mike's and Jorge's marvelous bit of organization can be 
better ap p r ec La te d . 

Locating the "Same Task 1 ' 

One thing that our r ouing neglected to identify was the task that we 
wanted to find* in the two settings. We found our tracer in m£ny of the ses- 
sions (most of the movie star sessions and some of the chemical sessions) but 
what docs^that say about the existence of the same task in the two settings? 

When we set about coding tha movie star session we felt confident that we 
knew V7here the task was and that what we were coding was the child s perfor- 
mance on the task. We identified the task with the goal, "make all the pairs 11 
which was s'tated by the researcher just before the child began forming pairs 
of movie stars. The researcher wQ^Q&jpeful not to give any information until 
it was clear that the child was not going to make any more on his/her own. 
The slot between the researcher's instructions and the child's negative answer 
to the question "Can you make any more?" provided easy access to the indivi- 
dual child's use of the intersection prQcecIure* We felt confident that we 
could say that in response* to the task o,f making ali the pairs some children 
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used the procedure or used it partially and some children didn't use it ,at 

ail. % Our struggle with the chtft^icals setting, however , led us eventually to 

question those assumptions about the task always being present 'In the movie 
star sessions in the way we thought it was. 

' ' - ' . ' / 

■ .. In the chemicals activity it became clear to us that the children, when = 

\ 

they started. out, ware not doing the task. The teacher told thereto make all 

t 

the pairs before they started but there was no evidence that they were trying 
to make all the pairs. We have two kinds of reasons for saying this. The 
first is t,hnt there were other goals the children were clearly pursuing. The 
second is that they were not using the intersection pfocedure (or, apparently, 
any other systematic procedure) for making all the pairs. 



Doing other tasks.. . If the 'children were not doing the task^of producing 
all possible pairs, what: were they doing? The teacher's instructions at the 
be.^i .:iing of the episode stated but did not emphasize the goal of getting all 

if 

th* pairs. She emphasized the problem of finding out about the chemicals by 
seeing how they react with other chemicals. The reactions which were produced 
by different combinations were fascinating to the children, and they were gen- 
erally -interested in the problem of describing the results and getting it 
written down. Tracy's approach illustrates the common interest in the chemi- 
cals themselves. Instead of using the jiumbers on the beakers, he used the the 
actual chemical names printed on "the beakers. After mixing ChlQrox (2) with 
copper sulfate (3) he is excited and describes in detail the blue-green and 
brown dotted reaction. He appears to want to pursue reactions with, "copper" i 
Afte^^his partners, who were working together trade their beaker 4 for, his 
beaker 3, he looks' up from the worksheet and objects "I got copper!" While his 
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partners had been making an attempt to choose their next pair with reference 
to the worksheet, so as to avoid duplication of pairs, Tracy's criterion for 
choice appeared to be interest* in' a particular chemical. 

Not doing intersection * A child who is not doing the intersection (or 
uoMti other systematic)"" procedure while producing pai^s of chemicals is finding 

th'e pairs "empirically" according to Piaget's original analysis. By this* 

* * * . ' 

Placet meant the child, thinks up a pair by some means other 'than - the intersec- 
tion procedure and lgoks to see whether it has been done. In this, case, the 
.child has no way of -knowing when he is finished e>:cept that* hfe can- not think 
of any more. \/ 

Piaget's analysis suggests that a child who is making pairs empirically 
is. doing the same actions (mixing pairs, writing the. results on the" worksheet) 
but is not doing the same task as a, child who knows the en*i point the 
researcher -has in mind- For the child, without intersection, the task -is like 
a request; to jump as high as you can. The outcome .is an empirical issue and 
could be different for different children. For the child who has- the idea of 
intersection, it provides a definite and general goal to be achieved. In the 
chemicals activity the. teacher's statement of the task goal "make all the 
pairs" vms not acted upon. The task ^s the teacher and researchers under- 
stood-, it) only, happened when the children themselves formulated the goal of 

V .■ * . 

finding all the pairs because they' warS ted to make more pairs. . * 

Evid enc e for the task in the tutorial. Tracy's comments about the chemi- 
cal reactions with copper give us a kind of information which was almost never 
available in the movie star tutorials. The chemicals activity was loosely 
enough constrained that alternative tasks were possible* We can notice that 
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children were-not doing tke task because we could find thorn talking about 
doing other tasks- In the tutorials, on the other hand, little was allowed 
other than pair making. Tracy, fort example , 'starts his second trial (with 
five stars) „by making a row of ctffds. We have no idea what he, might have been 
frying to do (what his task was) because he was immediately "corrected" by the. 
researcher and told to make a column ,of pairs.,-. 



The .strict enforcement of pair making in- the tutorial' makes it difficult 
to notice that some children were not doixjg the task of making all the pairs . 
Differences in L*l.^ pattern of pair placements did not stand out as indicating 
a different goal because it was not'accompanied by any other .behavioral evi- 
dence that the children were doing some other task. .We assumed the -children 
in the movie star activity were all doing : the same task but only some were 
using intersection to do "it". 

Piaget' s analyses of task performance already implies that some children, 
are not doing his task. (His analysis is ,. therefore , somewhat more -powerful §s 
a task analysis than many laboratory analyses . which can not distinguish 
between doing poorly and not doing the task at all). The analytic weakness of 
the' tutorial setting can be seen when we turn to Piaget' s claim about what he 
considers to be a transitional level ,of performance between "empirical" and 
"intersection" . t These are what he^ called "juxtaposition" sequences and 
involved patterns such an rising the ends then the middle; e.g., 1&2 3&4 l'&4 
2&3 and so on. He. describes these as a "search for a system" implying that 
the child uudersfcands the' task, aad is seatching for a solution. When such 

- 7 

sequences ©ccur in the tutorial we caa not tell whether or not Piaget is right 
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that- the child is doing the task. 7 In the chemicals activity/ however, we 
have clear evidence that some of these sequences were produced while the chil- 
dren were not doln£ the task. 

For example, when Tracy, Leslie *and Rebecca started out, Tracy £ook 1&2 
while Leslie and Rebecca worked together on 3&4. Tvhen'.they finished* their, 
respective mixtures Tracy offers his 1 for thei^ 3 and mixes t 2Sc3 while the 
girls mix --.164. # When the girls finish theirs, Rebecca checks, the record arid 
decides to do 1&3 so they trade their 4 for his 3. These trades resulted in a 
sequence 1W 3&4 2&3 1&4 2&4 1&3. In this 'case the pattern -resulted from 
trading for chemicals each had not used yet not from an attempt to create that 
particular pattern* In this respect, the unconstrained setting provides us 
with better information about task performance than the laboratory setting. 
The constraints of .the laboratory obscure whether or not some subjects are ? 
doing the task. • 1 ' ■ ~~ 

Our original coding scheme must be drastically Reinterpreted. We can now 
see. that most of the 'children in the fi^st and second trials of the movie star 
"task" ma*y not have been doing the task afc all. Scoring a "l 11 (for no inter- 
section) may not be a low score,., it. may simply be an indication of not doing 

8 * ' - 
the task. % In the chemicals activity what we are coding must also be 

7. Our tutorial design does provi.de one kind, of relevant 'evidence. We found 
that children 'who made j ux ta posit ion patterns were not significantly faster 

-than "empirical" children to learn the intersection strategy in the tutorial. 
This suggests that those patterns are 'not. a stage on the way to discovering a 
solution to the. task. « 

8. The tracer method for; identifying the same task can indicate (when the 
child does use the tracer:) that the child did engage in the task but is not 
good for indicating that t!he 4 child 'did not engage in the task (when the tracer 
is not; used). The child may, ,of course, engage in the task and decide not to 
•do anything about it. But as far as interpreting the test results is con- 
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reconsidered'^ Nopeof the children' started out doing -the task. For those who 
'finally did, £heir achievement goes beyond the acjjieyem^nt of any child in. the 
tutor. Lai- because thoy discovered the task on their own. ' % :■ . 

Gettin g the Task to Happen in P sychology and , "Education 

• • • ' 

In both psychology and education there, is the need to get people to do 

tasks ' that they would bo. unlikely to 'confront if left on their „own. In both 
cases an expert nurst interact with a novice to present the problem, and to 
oversee the methods that ' ar'e devised for solving it. But in an important 
sense the psychologist's job is. a lot easier than -the teacher's, ^he psychol- 
ogist must' move the child from not doing the task to doing it when told to do 
iE the laboratory y The educator must move the child from* not doing the 
task to doing * it on his / her own in everyday life *,,. In everyday situations 



there is not always an expert getting the task to happen - and „ explaining the 
procedures. But educators want children not only to be able to solve .problems^ 
v;hen they are. told to do so in a lesson or on a test but also -to "find" the 
problem^ in everyday situations* 

Learning About th e Goal 

We designed the movie stars activity in part as a testing situation and' 

in part" as a tutorial on the procedure we wanted to use later as our tracer. 

- » ■ . 

The part of Jzhe tutorial during wMaluwe taught the- checking procedure was 

designed to make use of the principles which are; part ^of Vygotsky's (1978) 

• »■ ■ * • ■ • 

theory of the "zone of proximal development" • t These principles and their 

- * * . * • . 

application are discussed more .fully in Chapters 2 and 4» Suffice it to, say, 



cerned, ignoring a task is just another way, of not doing it. 
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in the procedure we used", the tutor started out the checking* tutorial giving 
as. much help as the child needed to carry out the system/.tic check. Inhere it 
was necessary, the tutor would start out -asking about eyery single pair* But 
as the tutorial progressed, the .tutor began giving less and less help until ... 

r t 

*• , • • » e 

the child was, as the expression goes, doing the procedure on his,, own. Thus 
the procedure moved -grahcrtty-fi ro B i u lucaLiuu "ln" -the--titt-og-elvild interaction 
to a location r in" the. child. , 1 

Following Vygbtsky' ^theoretical formulation, w<^ would expect tasks tole 
found first in the interaction between expert, and novice and later in the 
novice's independent activity. We take this to mean that the novice not only 

lacks ' the skills that are necessary .for carrying out the task on his/her own 

•» 

hut more importantly s/he does not initially understand the goal. The expert 
must insure that , the " task, itself , occurs in the interaction between the 
-xpert and novice. We want to suggest that our teaching not only provided 

(most ofT~tfTe- cTilTdrcn^^ 

goal of finding all the pairs'. That is,- it introduce^- them to the task such 
that the . goal, and the procedure' are simultaneously internalized in the course 
of the interaction. 9 Examples from the tutorial and the chemicals activity \ 
suggest how this, might happen. 

i ; - r ■ , •. 

In the movie-stars tutorial, the children first produced a column of as 
many pairs as they could, and theVthe jtutoiT^egan "teaching the checking stra- 
tegy.' The conversation at„. -this" point is important. The tutor .asked "How do 
you know you have 'all the pairs?" The child usually answered Vaguely or, like 

9 . *This is not always the case* - M ore than one procedure can a chieve _ th6 _ sajm^ 
goaf "and if x the child knows one procedure and is just learning another, s/he 
does not haVe to relearn' the goal. 
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** Q 

Tracy^ with a hint 'of frustration "I can't think of any more". The tutor then 
asked, 11 could you check to see if you have all the pairs?" The child usually 
said little and the tutor said "Well I have a way to check. Do you have all 



the pairs* v/,ith Mork (or the first star on the left) ?" From there she proceeded 

through the checking procedure allowing the child to take oyer more and more 

I 

w • • . • 

as they went along. 



The tutor's question "How do you know you have all the pairs" presupposes 
that the child was trying to get all the pairs. This may be a false presuppo-. 
sition but -it is strategically useful . (cf • Gearhart & Newman, 1980; Stone & 
Wertsch, ). The question "treats the child's column of pairs , as if it had 

b-een produced in' an attempu^to get ail the pairs. The teacher then invoke^ 

* \ . * ........ ' : ~" 0 ' - « 

the 'intersection procedure as a means to fix up the child's "'failed at'tempJt to - 

produce all the pairs." In , other, words, she appropriates the child's 1 pair- 
ed ' 

makings making it into an example of how to achieve the .stated goal. It 



hp^cars"Triat~iH^ii~"BIel™o\m ^"empirical 11 "production of pairs is re trospectively 

interpreted terms of the intersection schema children begin to learn the 

« ? ■ 

(researcher's) meaning of "all the pair?". 



This^ retrospective appropriation process can also be seen at the. end of 
the chemicals activity. The teacher always Checked when the/children thought 

they had finished and attempted to elicit, a rationale for their thinking. 

* 

Like the tutorial, the. teacher is" working with a concrete set of .already pro- 
duced pairs which, were not necessarily produced by the children using thje 
intersection procedure. In the chemicals task, far more., than in the movie 
star activity, the (researcher's) task completely disappeared from the scene 



in many cases. The "teacher's questions at the end bring the task back to the 
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'interaction. Her discussion demonstrates to the children how. the work they die/ 
can be understood as doing her task. ■. - 



In an important sense the tutor and teacher .were"" treating the child's 

production as if it were 1 a poorly executed dttempt to achieve an. agreed upon 

00 . ■ * '■ 

goal. In education such assumptions may be a useful way of importing.„the_goal 
into the teacher-child interaction and from their into the. child's independent 

" " — ' 4 \ 

activity. Our original coding- scheme also" treated-many of .the., children' s pro- 
duclions as poor strategies for getting all the pairs. In psychology, such 
overinterpreta tions can be" dangerously misleading . Children are scored as 

i doing poorly when in fact they are not doing the task in the first place. ' """" " 1 

-_„._" . 

The traditional business of cognitive psychological research has been to 
identify knowledge .and processes in the head of the subject* It/is only 
Natural, then, thai; the subject should bo isolated and the part of the experi- 

iaant-.-.-xlaring-l.._which_ -.-the^ — e>iperJLmoatai:^nd~~3^ 

instructions or training, should be ignored. But just as the laboratory set- 
ting does not have privileged status as a place to study what* people can do, 
"in the head" does not have privileged stktus as a place to locate schemata. 
They can also be located in the interaction between the experimenter and sub- 
ject or in the interaction among s^groupof subjects collaborating on a task, 
or in the interaction between . a teacher and a child who is learning to do^ 

> ^.<>Z<«- .... • 

something new. - • 



63 
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Getting the V Whale Task " to Happen. . * 

It- is one^thing to get' tasks to happen when the teacher (or researcher) 
-and the child are in direct Interaction.. It is another thing to get tasks to 
happen in the everyday world over which the ; teacher or researcher/have little 
or no control. * - . 

A difference between everyday and laboratory-style tasks which is irapor- 
tant for our argument is illustrated in the following example , from , the chemi- '.' 
cals activity. ' Rebecca was workj^g with Leslie and|^T^^cy^^ When ,it seemed 
J?*k£..J^ no ^ore combinations of chemicals to be made Rebecca looked . to 

the record sheet and began naming off the combinations following, the intersec- 

tion schema. She did not use the canonical order, however. *The first pair c ■— . 
the sheet is 4&2. She. started with 4&2 and scanned the recqrd for the other 
combinations with 4 and then fo.r the .combinations wi<j^3. Within each group r * 
(i.e., the 4's and 3's) she named the combinations in the 'order they appear, on 



the sfheet. Whoa sho got to the end she said "We're done" and . the teacher came 
over and asked "llow do you know". Rebecca repeated, her intersection strategy 
but this time she spoke more clearly and did the sequence in a stricter numer- 
ical order: 4&1 4&2 4&3> 3&1 <3&2 andyso ; on. - ' 

The difference; between Rebecca's first and second intersection procedure 

corresponds to a crucial difference k iu the source at the task. As Lave (1980) 
• > r V^ ■ ~- 

. o ** 

has pointed out, everyday tasks usually arise, from, and \are constrained by, 

the actor's own higher level goals. When Rebecca checked the worksheet the 

first time it was to establish for herself that ^#11 the combinations were 

done „ __Th? or der in which she named the p airs followed fa irl y closely the_° 

order on the worksheet she was checking. When she did it the second time, it 
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was to display for the teacher how &he had arrived at her conclusion and she 

« ■ I • * 

kept closer to the canonical order. She was answering the question '"how do 

you know," not trying to find out: if there were more chemicals, to be d&ne, \ 



At the beginning of this chapter we introduced theSiotibn of j the "whole ^' 
trfsk". We can now give it m$re specification. A "whole task" i^ a ta'sk con- 



sidered in the context of the activity or higher level goals whjich motivate : 
it:. .Whenever there, is a task, there is always a whole task. But! in some set- 

tings 111 • the laboratory or the classroom (or whenever there i^ a hierarchi- 

• - / 

• f 

cal division of' labor,) the higl^j^leve\ goals may not be uqlder an actor's 
individual control. In other cases, the actor (s)^nttKpt formulate the instru- 
mental relation between the goal of the task and xhe" higher level goal they 

* ■ . i ■ 

are primarily trying to achieve. This is what we saw happen in the chemicals 



activity. The children wanted to nvix more pairs of chemicals so they tr ied t o^ 
figure out if they had done, them all. Finding all* the pairs Was t not a task 
-which --was -presented — to- t-heiti-b-y— s-oniebody— e-l-ae-;-- it~--foll;Owed--f-r<)nr--tlie--concrete~ ; 
situation they were engaged 'in. In standard laboratory practice, in which it 
is necessary to have as complete control as possible over the goals the Sjiib- 
ject is trying to accomplish ,. sub j ects are never called upon to formulate 
their own goalr. and so are confronted with only part of the jproblem~-the solu- 
tion part. 

This ^s not to „say that whole, ia^ks are not part of th'e social iaterac- 
tion in* f the laboratory. The - subject may be very much aware that the 
researcher has goals which are the reason for getting the /subject to do 4 the 
task, even though the subject has no part in formulating the task. When 



Rebecca changed the order of the procedure, she appeared jto be displaying the 

J 
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procedure for the gurgos^ of Jthe lesson the teacher was conducting* In short, 

there' is always a 11 whole task," ^biit standard laboratory cognitive tasks are 

oi'saniv.ed so that th&sre is a particular divisloiT'of labor such that the sub- 



ject is. confronted only with the solution part. . 

- Jin education - thorcv^^^ — to — do - —the — wKoldf — ~ 



task when an appropriate gecasion* arises . We suspect that providing oj?portun- . 

j ^ # ' ' ' • ' 

ities such as 'found in .the chemicals activity where children were allowed to 

discvj\>e'r a tps'k. in t:he course of doing some higher level' problem, is an impor- 
- * * 

tan.t kind of * experience for children to .have if they are going to learn how to'" 

"' - ■ j 

apply what they f know to new situations. They will not learn to do that if 
they are always presented wit'h a ready-ma^: task. A teacher's retrospective 
discussions are also a crucial part of tsuu experience. • For the children who 
did 'not formulate the task .themselves > such discussions are arr opportunity to 
see that a task had boon potentially in the activity. 



i, that conceives 



A framework such as the one we .havci been working with, that conceives of 
schemata as moving from the interaction to the individual, makes the interac- 
t ion* and how it "changes over time the central . topic of analysis rather than an 
aspect to be set aside. Our discussion of the combinations task has provided 
a concrete illustration of a whole task first appearing in .the research-child 
interaction and later emerging in the peer interaction. The concepts of whole 
task and appropriation find a central place in the' theoretical framework we 

.r. / 

propose in Chapter 2. " " , 
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<► CHAPTER 2: 



BASES FOR A THEORY OV LEARNING IN INTERACTION 



In chapter 1 we saw an identifiable procedure being carried out somietimes 
by groups of children, sometiuiesN V c ^per a^vely by a tutor and child and some- 
times* by individual children. The procedure we called 11 intersection 11 , bo bor- ~ 
row Piaget's terra, allowed us to locate the "sarnie task 11 in two quite different- 
kinds of settings,. But this* exercise leaves us with profound questions about *7 
what will b.e required of a theory of cognitive change. As jsoon as we allow 
our abstract schemata to mediate social as well as mental interactions, diffi- 
cult questions arise about the existential status of such abstractions.* How 



can a psychological theory handle entities that are not reducible to mental 
processes? Perhaps even more important: how can a psychological" theory handle 
situations in which the same material objects (e.g., the array of cards in our 
combinations tutorial) can simultaneously have two very analyses (e.g., from- 
the child's and the tutor's perspectives) as is required by \ the process of 
appropriation that we illustrated in chapter 1? 



. In this chapter, we take soma's taps toward answering these questions and 
formulating a theory of learning in J interaction. Our point of departure now 
is the' !, vho.le task 11 . We assume that cognitive change includes more than 
learning solutions, it includes coming to. understand £nd . formulate the goals 



of the task as well. Tasks -j that is whole tasks, are usually divided up among 



'~1 ■ 
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people, -very of tan expert? and noyices , bo cognitive change la usually a 
socially interactive process. The chhnge we, want to trace is not just in the 
mind of the learner but is simultaneously a change in the interaction between 
the teacher and learner as the capability and responsibility for the whole 
task comes under the learner's control. • - ; 

■ ' ' ■ ' ■ . ■ . ,.. 

Wd drav/ heavily in this chapter on work done within the sociohistorical' ' . 

" ' ' 

school of psychology particularly by 'Vygotsky (1978) and teont'ev (1 978 > 

■0 , 

1981). Their approach is useful, beoause it treats the social environment for 
learning'^ in a principled way as part of the process of change rather than as 
an unanalyzed for.ee impinging on the 'individual organism. We will explicate* 
several theoretical constructs, particularly Leont'ev's analysis'o.f activity 
and Vygotsky' s fconcept of the zone of p r o >; ima 1 '" d eve 1 ppra en t continuing to draw 
on the combination's tasks as a source pf examples. \Je will a t temp t to* draw 
out further implications and advantages of the sociohistorical framework as— 



well. as some of the questions that still remain unZnsw^red but which become of 
in terest-^frpm this point of viev, r . 

Theory ojE Activit y* 

o 0 « 

o * ' , ;* 

* 1 t.We fihd in the Soviet approach to psychology ideas . that are of grea't ' 

practical value to education and research on* learning because they take into 
' • • •« * 

account the influences of the soci^ai .environment wit-ho.ut reducing the roles of 

the teacher and learner* to mechanistic ones.* 1 In doing so, theories such as 

that of Leont'ev add an important element to developmental theories. While 

accepting .the fundamental .notion put forth by Piaget that the child, actively 

r 

"^fTS'rtTuct^^Tlc^wred^ "through interaction with the ~environmentr, — Leon~t'~ev~~ 



Replaces Piagtet',s' '^concept .of "assimilation", with c the concept of • 
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•^appropriation". With this distinction he moves from a biologically oriented, 
approach to a "socio-historical one For Lcont'ev, the objects in the child's 
world have, a social history and a def inite ' function that cannot be discovered 
through the child's unaided explorations- The function of a hammer 3 for exam- 
ple, cannot ^be understood by exploring the hammer itself (although the child 
may discover some facts about; weight and balance). The child's appropriation 
of culturally devised "toolfi" comes about through involvement in culturally 
organized activities in which the tool plays a role. Leont'ev thus preserves 
Piaget's fundamental insight that the child has his/her own structured system 
of activity but points out thaf: the child cannot and need not^ reinvent the 
.artifacts that have taken "millenia to evolve* 

The child is not the only active organism in the social world, of coursed 
(Mr "particular interest in education leads us to notice that the/te^acher also 
applies ttie process of appropriation ; in the domain of ^educational activity. 
The* reciprocal appropriation that we notice in. teacher-child interaction calls 
for a theory in which artifacts like "intersection 11 can be mobile with r&spect- 
to the multiple systems ^simultaneous vy at work la the teaching/learning 
interaction. Several features of Leont'ev' s theory are well worth, attempting 
to explicate anct illustrate in this context. 



10. For a child to appropriate such objects into his own system of activity, 
the child does not need to .recapitulate the social history that led to t\vi in- 
vention of the socially defined object. The child has only -to come to an 
understanding that i?3 adequate for .using 'the object* 



o • 63 

ERIC 



Final Report NIE-G-ffi-Ol 59 

69 

Un its _in the Theo ry 

■% 

Three level s of aualy.jjs can play a part: activity, actloj^-ond operation. 
These pan be viewed as a Merachical .-.roup, with arwicHrf^ity being composed of 
nat ions which are exposed of operations. . . Anient Lty like "adding 5 and 32" 
could be one of the; oppratioasJL-nx^olved in an action of "totaling the check* 1 
that is a paift of .an activity "waiting on table:; for a living." 

Opera -tioius originate as actions: once an action is embedded in another 
.^action, It; can b.-conie technical ized ; its goal is no longer distinct. At this 
point i.t is annly zable. and perfornablc as an operation-'' In" an analogous way, 
actions originate as activities when an activity is removed from its object 
(ar; in a division of labor). Intermediate goal-directed actions provide the 
link between activity and object. Activities originate in the system of 
social relationships within which people connect themselves adaptively to 
objects . in the world* Any "independent" activity has its origin as a colla- 
bor ■ social, inter psychological activity- o 

In spite of this genetic sequence .for the origin of the system (which 
serve'.; to explicate the hierarchical relations 'among its units), Lcont'ev 
take:: (j.vins to not** that in everyday life, the genetic transitions are not 
v ilclirection.nl , nor djes every systen of act.lv.Lty > fa ■■i[*p2ft> all levels 
of thr-. hierarchy. Mutual transitions are possible 'b- lvc-v* 'nccr- u.xd intra~ 
psychological activities since practical concrete an r i , \ ty ? Vnou£ht u have 

a cordon structure . An activity can be transformed into an action implement- 
in-; a different activity once it loses its motive; an action can acquire an 
il<i pendent motive arid becorug an activity* . : , 
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Usually, vhtin a theory requires that one; think of units like these three* 
on- look:-; to soe how paradigms for each can be constructed. One expects a 
description o J: inorpliol og \ cal features th.it group together instances of one 
unit . in a paradigm. This description should also exclude instances that 
be! on;; t o j tihocf par ad igms and describe perin issible variation. Paradigmatic 
i d ( : n t i f i c a t i o n a !L 1 o ws ■ the* in v e s t L < r , a t r to cl o t wo im p o r t a n t things: first, 
instances of the unit can be identified in an ongoing stream of behavior; and, 
second, different instances of the unit can be identified as-' the same in some 
respects and "as different alternatives in other respects.-, 

A theory also needs to provide us vj-th an account oJE the interrelation- 
ship, mmng the units, e.g., among the paradigms. As wo have already said, in 
the theory of activity as developed by Leont'ev, this syntagmatic relation is 
hierarchical* . 

The syntagma tic and paradigmatic aspects of a unit in these, kinds of 
theories a*re intrinsically related, raising, problems anjl producing misunder- 
standings if one is; accustonad to standard cognitive psychological theories • 
Unless one entertains a different notion of how units can be identified and 
related, these kinds of theories appear vague and seem resistant to empirical 
inquiry. On one occasion "the same behavior" can be analyzed as -an operation, 
and on another as an action (cf. Zinchenko, 1981). Two different analytical 
and participant perspectives can be" applied to a sir.^le typhavior instance , one 
treating the instance as .an action, the other treating it as an operation. 
Behaviors with radically different morphological features , can be analyzed as 
thr> same kind of unit, say an action. Th is 'mobility of the basic units of 
analysis is a problem given normative expectations about paradigm construction 
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and empirical "identification. - 

* * * 

The nobility of . units is also a problem for normative expectations given 
the*. syntagipatic hierarchy def ined in the theory* .We" need to consider , two kinds 
of syntngmatic relations. First there is* the' hierarchical syntagmerae posited, 
by the. theory. Second there are the real' time relations among behavior 
instances during which the hierarchical relations are transformed to Is^ch a 
degree that only abs tract analysis retrieves them. There are also non-overt 
action?;, discontinuous, activities, fragments and collaborated constructions.* 



This real • time syntagrnatic variation and the paradigmatic identity of units 

1 11 * 

are mutually defining and together define the theoretical units \ * ^ 

* ' * * * ' 

From our' perspec tive , this moblsLi^y^o^f 'units is fundamental to explaining 
the nature- of cognitive change. 'Implicit in the theory is t v e claim that 
instances of behavior have a property which snakes them available for " social 



11. This is ju^t- such a case as -the one in grammatical theory where 4 the word 
.qlass "Noun'' describes instances that occur witn certain morphological 
features (fit in a paradigm) and in certain positions in constructions 
(theoretical syntagma tic relations) and^ is petmitted^ to undergo certain 
transformations (real t ime., syu tngmatic relations) . Only abstract analysis 
\WOuld retrieve each of the underlined instances/ as a member of the class noun 
(phrase^: • 

) (a) It^ is going to rain. 

"* (b) That Har rie t wants Mice to become ' 

a ^bysiciat is not relevant, 
(c) The T:ian sang*. v ' " , 

Anolher definition of % noun' , a word describing, a person, place^or thing, 
would be offered by a grammatical theory modelled on usual kinds of psycholog- 
ical theories. Identification is essentially paradigmatic. While such a de- 
finition atfpeavs^nore certain and substantive [and may be seen as satisfying 
given that the semantic identification can be used as an independent factor 
allowing more f J ft ibi.lity t to the sentence syntactic theory] , in 'fact it runs 
into difficulty in accounting foir data. Further, the degree to which it ia. 
true can be derived f rom W accounted • for in an interesting way *given .a theory 
of the less usual type which provides- the first definition* > 



*- 
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negotiation and transformation. In particular, it permits analyses of multi- 
ple concrete locations for phenomena like "intersection" whose existential 
status we are e/.nmlnir.gl . W.?. shall call this property of the units "non-unique 
analyzability ." By ^non-unique analyzability we mean (1) that a behavior 
instance can be analyzed svnchronically in more than one way — by a participant 
in> the "behavior or by an investigator of the system producing the behavior and 
(2) that it can participate in diachronic systems (development, learning) in 
more than oae way.. 

■ V • • -•' \ . ^ ■ " 

Theories which include this kind of dual naturp (paradigmatic and syntag- 

* r i 9 

matic) of units and this kind of mobility > .canno t re\y*on the precise and 
center: t-£rce identification of behavior units that is typical of. standard cog- 
nitive psychological theories, In. c ;tead we arrive at a procedure that begins 
first with aividcnti f icatlon of the largest relevant units (activities)' and 
proceeds in a contex. trdependeni: manner, tp the lower upits: ' . • 

Thus, in the ^general flow of activity . that makes up the higher . 

■.psychologically mediated aspects of human life, our analysis distin- 
guished first separate, (particular) activities , using their energiz- 

*ii\fc motives as 'the criterion. Second we distinguish _ .actions— -"the * , 
j/occ.^pG3 subordinated to conscious goals. Finally, we distinguish 
the operation — which is directly dependent on the conditions under J 
which a concrete goal is attained. (Leont'ev, 1973) 



rl2. Elaborated discussions, of such kinds of analyses, often called system ana- 
lyses, can be-f6und in Bateson (1980) and Scheflpn (1974) where attention is 
called to stheir history and development in a variety of the natural sciences.^ 

r . . ,* 

13. Warning'must be given that the use. of the words "motives" and "goals" are 
somewhat different: in this (framework. .Leont'ev (op.cit.) discusses in some 
detail these topics; the differences should not interfere with .the -use made of 
the constructs "activity" and "action" in this paper. 

" *I 

- J 73 1 . 
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Subjective 01).ioct;s ' * 

° 

These transl.tl.ons, which are necessary for systems that undergo cognitive 
change in interaction with others, rnise. t diff icult issues "for determining the 
e>:i;; tent: lal st'atus of abstractions like !! intersec tion" . To solve these diff|.~. 
cultien we must introduce the concept of a "subjective object" • Consider our 

Q I * 

use of materials. The material objects we provided (stacks of colored cards 
with pictures on them, beakefs of liquids, worksheets) were carefully picked 
to enable the use of intersection; wlrere they were placed and when and ho>. T 



^fcliey were glveit to the children v;as carefully planned and executed. e ^Ke co^yla 

say that "intersection" has an existential status in these material objects:. 

<« ■ . , 

in fact, the changing states of these objects is routinely used by experi- 
mentors to claim that intersection is "there" or not, and the child "has" the 
formal operational strategy or does not. 

Leont'ev theoretically motivates a different understanding of the' impor- 

" — f*- 

tance of these materials -ond underscores the problematic nature of treating 

thorn as the location of intersection: ' 

....the object of activity emerges in two ways: first-, and foremost, 
~ in its dependent existence as subordinating and transforming the 
subject's cictivity, and secondly - as the mental image of the 
object, as the product of the subject's detecting its' proper ties . 
This detection can take place only through the subject's activity, 
.•.the mental reflection of the object world is [produced] by 
processes through which the subject enters into practical contact/ 
with the object world. >^ ■ ^ y/ 

The. product of such activity is 'what we refer to as a "subjective object" • 

We, the .investigators and teachers, participate in a system where the little 

colored cards and the beakers of chemicals are subjective, objects for us* We, 

as subjects of an activity (courtesy of Piaget' s experiments m and his cultural' 

■ — ( 

•transmission of them through writing) participate in the transition, of the 



eric , r <± 
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objects to intersection. Once -objects have been made a part of an activity 

J 

that embodies a concept like intersection, their properties as objects change. 
They row embody a part. of those prior actions. In this particular case, 'they 
embody ^intersection * n It is this consideration which lies behind Leont'ev's 
comment that: ...the transition of the process into a product takes place not 
only from the. subject's point of view. It occurs more clearly from the point 
of view of the object [as i-t] is, transformed by huiaan activity. 11 (Leont'ev, 
1973) 

] A ' 

In this ca.se, the materials and their existence as an. example ' of inter- 
section, for the teacher .make possible educational activity in which intersec- 
tlon-as a subjective object can emerge for the child. During instruction., 

V ■ - 

. , G 

'intersection has an existential status for the children on the inter psycholog- 
ical plane. In the teficher-child interaction it can become - a subjective 
object. Any activity, according to Leont'ev, constitutes a "special inhere/it 

JLun cX&u n~ r - s peeJ^-t-c^rHrvT^hrire f u 1 1 c t to TTXTf Tpt ~ac ~Ln~g~ the " sub j ec t' in to ob j ec tivc 



reality and transforming * this Into a subjective form 11 (p. lf>}\ However; it 
must be remembered that in teaching; interactions, there are. (at least) two 
subjects of activity* "One subject, the'teacher, has a. special status.. For 
one thine 5 intersect ion as an jpbj ec tive reality and subjective form has a 
prior existence, for the^ teacher; for another, the subjective object as an 

■ v ••'••■» . • 

example of intersection is a tool of. the teacher for placing the collaborating 
child subject in the objective reality of intersection. 



14. Such examples in Soviet work .are called "genetically primary examples" ' be- 
cause they provide/ a general but concrete instantiation of the abstractions 
relevant to a domain of activity from which all the relevant abstractions can 
be derived. 
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Our interest is primarily in the status an| emergence of intersection for 

♦ I ) - 

the child-subject'. In the socio-hlsitor Lea* fratnkVork, the issue of when and in 

v^Jiat* sense the* child "ban 11 intersection is not as. straightforward as it might 

be ia sorce- -others v r~ Tne ac~tcral~~~( "acTivTty) form ofTLn tfer sec tioif "is" tu "the" 

^ttfac'her's alone; it i'sf the form in t)>e collaborative activity, limited^ hence, 

by the' child subject. Far therinor e as the activity "unfolds over time in 

social Interaction , the subjects change, especially the child. In fact, an 
* * ■ * 

f 

object of educational activity is to change the child subj'ect. An analysis of 
the mobility of the units of activities, actions and operations reveals some 
of those changes. 

The. emergence of in for section for the, child subject should be s.een ori- 
. g»LnatJ.ng from the in tarpsychological system participated in by the teacher and 
the child. Its emergence as an action .pf - the child should— be— s^en originating 
in the interchange of activities between tlie teacher and student subjects. 



~TfiYei:imlTza"t'"I6ri'"of intersect ion , EoTlowEng" Leont' cv can be claimed to emerge 
for/in c (child) subject when* it appears as an action, as a goal directed pro- 
cess mediating between an activity and operations. 'In short, it is the genesis 

of one kind of unit from (mother and between the inter- and intra- 

j 15. 

psychological planes thnt c<yfist\tutes cognitive ;change. 



15. Components of a task analysis rnny be ijiiM<plved as - activities, actions or 
operations that undergo genesis; differences associated! with, successive 
devylo'pMontal .stages are not inconsistent wijth genesis. The theory of activi- 
ty \does not rule out stages or component "task elements; it simply considers 
them ViusuEf icient to describe the process of cognitive change. 
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Illu str ations from the Combinations Tasks • * 

s 

Teacher- child dyads. As the theory suggests , "same 11 behaviors can be 

.analyzed ^differently. Pair making is a good example* For subjects for whom 
\ 

intersection is a subjective object^ the issue of how many pairs can be made 
has, an epistemic status: there is an answer that can be arrived at via inter-, 
section, six pairs if there are four objects to be paired, ten if there are 
five objects, fifteen* if ther$ are six, etcetera. 'For subjects for whom 
intersection is irrelevant, its status is different: " the command "make as 
many pairs as you can" is not very different from the command to "say your 
name as often as you can," or to "count as high as you can count up to J 1 Sub- 
jects with only this^ second analysis of pair-making do not deal with the 
notion that there might be a general answer (one not influenced by who is 
pairing what on a specl-fic occasion) or that there might be an abstract 
approach that was somehow th'$ same each time it was used, even though it* could 
result in different concre te^answers depending on what number of objects vere 
b^ Lng paired • , ' 

Our clazui is that the tutor works with both analyses of pa^r-making : that 
"intoN^oction"' has an existential status as activity and v action and that 
specific concrete pair-inakLng , where intersection is irrelevant, is simultane- 
ously present. In fact, the tutor appropriates the child's specific concrete 

> v ' V'"* 

pair-making actions and products* and in this act of appropriation * the inter- 
££Z 0 !i < il2G. : L£2i emergence of " inters ection" becomes apparent. Regularly in our 
'tutorials; the child-subject claims to have made all the pairs that s/he 
could; the. teacher then offers Ix^help cljeck the work, going through the moves 
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Table 1 

\ 

The Inter sect ion Procedure 
C D E 



given : 


A 


B 


first; iaova; 


A 


B 


fiOc.'Mid move: 


A 


C" 


third move: 


A 


d 


fourth move: 


A 


E 


fLTth move : 


B 


C 


sixth move: 


B 


D 


seventh move: 


... B 


E 


eighth move: 


C 


I) 


ninth move: 


C 


E 


tenth move : 


» D 


■K 
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Insert Table? 1 about: her to 

■ . . . X - r t_- 

. • ' - • / • 

scho.nati/.<-d in Table 1 with the child. Some pairs/ from the child's indepen- 
dently produced cplumn are discarded, (duplicates);/ <Jther pairs are made up and 
,.ncl<k:f.!. The general concrete solution is achieved/between the subjects. If 
there weVe four objects, the solution is s'jpc pairs'; i'f five objects, ten- 
pairs-. In the. column of pairs and in the sequence of behaviors - of the teacher 
and the child, N there v is evidence for the cAaim that "intersection 11 as. an 
interp«yelr>loft leal, function . appears . The coluuhi of pairs that "the child-* 
subject made and his/hex? actions and operations in making then rff*e appropri- 
ated and re-organized by the "intersection 1 * Organization of the chiJLd-teacher 
s y s t e i w >f . a c t i o n s a n d ope r a t i o n s . / 

In our tutorials, the tutor repeated the' "make all the pairs and no 



duplicates" request several times, each time Adding another object to the row. 
Thus, we have opportunities to see what happens after intersection has gained 



r 

an interpsychologic'nl ' existential status. j Sometimes, for some of the chil- 
dren, just the same thi-ig happens over again': the pair making they do alone is 
organised as a series of actions — which pia^ls made next and when pair-making 
should stop do<?s not exhibit any orientation to an episteraic notion * of how 

many pairs can be made of the objects in !an episteraic sense, i.e., intersec- 

j ' 

tion is not visible as a sub j ec tive *£b j ep t for 'the! child. Instead, the * 
child's choice of cards appears to be based on ..pleasing colors or any of a 
variety of different systems for dealing with the situation; the child stops 
making pairs at a p:>int for which we have* I no particular explanation (e.g. run- 
ning out -of "room" on the mat s/he was working on). Once again, as the 
tutorial proceeds , the adult appropriates the child's actions and products 
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'j such that Intersection appears in tclrps5'chologically • 

* I r 

However, for most of the children , ' Intersection appears in a different 
status after its* /in terpsycholiogical emergence. For these children, on the 

second or the thir.d trial, the ir dependeritly produced column of pairs lookfl 

■ * » 
just like the array .In Tabic 1. The operations that occur are not exact 

copies of those undertaken ear inter psychologically . There are, in ^ this 

For example : During the intjerpsycho- 



theory's terminology,' tran sformatio ns 
logical emergence "of intersection, *t,he pairs are talked about in the order 
charted In Table 1, but as a pair is found to be "missing" , ^ the pair may be 
added "out of order" at the bottom qf the column; however, during the r subse- 
quent independent action by the child, the pairs are produced ma^rig.lly in 
the order charted in Table 1. -The inter psycho log leal appearance was: make 
SOT. « pairs, talk and act with the tutor to change/adrl topairs-by "pairing 

each card in the row wi'th every other card in the rov:." The Jntra- 

■° ' \ ' 16 

psychological appearance is:/ make the right pairs by "pairing each card..." 

For these" children , intersection organizes their operations; it emerges as^an 

action. There is a concrete general solution, intersection, which, t when' 

brought to bear on the specific problem with, five objects produces te^n pairs; 

with six. objects, fifteen pairs, and. so on. / 

Among , the group for whom intersection emerged with an intra-psyeholog.ical 

• > v l » V * ■ . " 

status j 1 * three are particularly interesting to consider. *■ 2 1 * ■ 



16. With the notion of transformation, the theory makes interesting' a variety 
of •questi6ns, particularly what is the permissible class of transformations, 
and what arc "the constraints on them.' 

/•'■ ■:. ■ ' So - . ; • 
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(1) One child;i -Reb'ecen , ;nade a lengthy colimin of pairs' do'j^j the moves 



almos-t In tho order- char led In. Table 1. She did riot include 1 one required 

■ ' * u ' . 

pair. Observers of Lhe^BeViuvI^r as veil as the tutor . and . Rebecs (who talk 

.about this) all agree tllkt Rebecca "forgot" one pair. 1 But,, ahc did it right • 

Wwvyoiu* agrees. 'That Relje&cn n for».^t n one pair has,, i It tie bearing on the 

inference that she* can poduoe/ all the pairs.. In terms of the theory pf 

activity., Kebeec/n's lapse- and this interpretation of it ,by observers ^ brings 

out an in to. redoing ■ point,;, - Missing an operation or two 4 may havd a minimal 

impact on the action, nnd/:»r on judgements about: whether * the action was 

.' ... ^ .-. 

presen't. M Just> forgetting 1 ' or "being wrong on the details but right in- gen- 

era!" may have a apeci.fic cJiaract~.eriza-t.Lon in this theory, - ' 

' . . *■ >< » • 

(2) Another child,, Nina, manager, to produce a ^column of pairs without 
producing any single. ,pair at one tim°... Nina counted^ out a group of cards from 
th^ firgt stack on the left of the given row, (represented, »by A in Table 1); 
th^tf tutor intervened as 7 Nina started taking more than one from that first 
stack,, but Nina told her to wait and see; then Nina piled the stack of A's 
*ncar her Sn the mat; then "sha took one card from each of the oth§r, stacks (B, 
C, D, and E in Table. 1) and put that varied staclj. near her. Nina then dealt 
out a column of cards B$ C, T) and E % and next to that column a column'of A's* 
Nina transformed a co'lumn of pairs into a pair of colurans as she demonstrated 
the intra-psychological status of Ji^e intersection action. The transformation' 
froin the inter- to the-intra- psychological plane wipes out the* operations 
that occurred on the inter-psychological plane., and institutes, novel opera- 

j \ ' 

tions- Thi . theory of activity provides! this characterization for this, rather 
interesting situation: the child demonstrates that s/hc has learned what has 
been taught, but not_ bj£ doing , on the level of oper ati ons , wh a t ha^j been 



tfiup.hi:. Of course > this remnin.y unders pec L fied as an empirical: claim* As the 
theory (iev^lop-; and constraints on trrinsf ormntions from > the intei*- to the 
inlra-pjtychvf op, U*;S1. plane arc proposed, Nina'6 case will be seen, to be either, 
one? which Is predicted (l.u» there is a class of transformation that will map 
a function from the behaviors of Nina,; ami the tutor onto, Nina's independent 
behavior) .'or it will be counter-evidence to this (or perhaps any^ social ori- 
<vln of Nina's kind of learning./- • , ' ... 

•'(3) Tracy, another child, at first displayed interseccion only as , part of 
a collaborative action with the tutor* Then. , >6n the next trial, he displays- 
intersection in a perfectly arranged column of pairs without the tutor's 
intercession. When the tutor added another object she mentioned that the next 
specific problem would therefore be harder. Tracy objected , claiming that no 
matter "how many objects tlfere wore, it wouldn't be harder. Ari observer i^ 
drawn to Tracy's sta tement ; it seems t:J suggest ' an / abstract chiracterization 
of int'ersoction , not'me.rely a gonejral concrete one. ■ Almost any theory would 
attend to the facjt that Zx acyNpomr-ien ".ed on intersection. ..In' the theory of 
activity, this behavj.or is not unique evidence that, intersection" can organize* 
Tracy's behavior, because we have already seen interaction emerge as an action 
in Tracy's adept arrangement of the cards . In the theory of activity, inter- 
nal representation is seen .as emerging when a 'function emerges as an' action; 
the internal representation is (same transformation^ of ) the prior 'external 
form of the function. Howler, the theory nia^^^ip jtVo^ms ' On the basis " of 
this evidence (verbal and nonverbal) for the 'generality or abstraction of 
intersection as a part of Tracy's system of Lntra-ps^cho logical functions.' 
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A veLI dv.&'i<\iuid seri.-s o^proble-- Jiu'Oi via: *, In tersoct ion wauld have to be 
f f rnuuv! ae.d a n ] y ra- ;! i > • per::n-!. us t '.. 1:1 --ip nils: extent f/f ^morality and 
abstraae t I'm! in Tr.icy':; : .s n j -a; f; iv-j foiia "if ' n to* i* s • t ion . 

It is lui erejt. i.ns to note that the soci o-histor icnl f raniavrorl: , v;hlch puts 
such C5ini:1ia F 5j on what :;>as on "in the In tar;.:c \ ion" rather than inst "in the 
i.vi.u!", "makes thooreLical.ly interest J njj a ran,"/: jf questions .about what shape 
toe- ori-tnici: has "in th»_: ;:rind M . Theories that p'ejit ,;r, a priori structure 
i ji y say, Intcrsecti'-n, asaa-e av/ay any question, about v;ha,t intersection "in 
Tracy';*, head a !' a particular tune" loor/i like. A Piagctian ^operation", for 
o:%':..Li?1.', Is: inn '1ly Lunula! .od as coi.^il t;tbly_ go.ioral . According to Flaveli & 
UdiU/i."!! (1969) as f.;'ju ah a child "has" the operation vith respect to one 
task rheu s/hc has the op:-r n tion in -an era il . Task difficulty is considered an 
independent f inict ional barrier to the operation's expression on other tasks, 
in T.h Ls fr? or,oi'];, ela i t-. l( : «- that; inte r sec Li'm is "in the head" is just a step 
nl -rua, the wry; (pi.eU. i -"j ; i can be raised ab^ut vii'it: generality intersection has 
for Tracy and wait kinds jf ob s t rna L. Lor a are involved in it for h.an- 

ULi L^Ial 1 \' \i . 1 1 il . I ; V '* . ■ ' 1 '-) 1 c ' c ° : ~ a] ^ i n o t i . ' a s t: a s 1 ; va s also p r e s e n't e d as a 

nr-.eij) task i.avol / in- ciiivs-. icd s - In the ;;roup task, question of attributing 

Infernal rvoprof;en fa Mons t Lh»T '....individual , par ticipants is systematically 

proble'aatlr. . The group activity also provides evidence for another aspect of 

intersee v Lon-aF-afl-action "which \r> vrys fcema ticnlly unavailable in the tutori- 

*als. This aspect is goal Emanation. As Leont'ev notes: 

Under laboratory con i i t-icm s or in a pedagogical experiment we always 
y/vvc. the subject a "prepared c,oa1 " . Therefore, the process of goal 
formation usually esoep-^ the j n /est if»;i t:>r' s. attention (p, 27). 

Action:? are directed ;>r oces :^as ; without a study of the ^enesLs of the 
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>••.■•! I i.li" sl.u.!y is lucoupl... : Then.- vi e, in th« tutorials v.ii -re t.lift children 
, ./L-'i n [u-jj 1 1 >•;] naly?:i s ••iar- : C ' b<t incomplete. As we «aw in 

* ■ 

(;'■■■ «-••' 1, in t he eh i 1 dr.- . ^ groups, we have a situation whore the process 
f ;v'.'. il f or::vi u Lon c^ivlxj studied. 

We hav^ many chl 1 di.vn -'..a] y groups where the goal was never formed, where 
an mi ersoction action do tot appear until the teacher comes into the scene . 
and en-ag in n pedagogical Gierclae (ef. Gaarhart & Newman, 1980). For some 
ch i idren-only group.> , however, intersection emerged among ..the children. Typi- 
c-iVl.y, sor.u j pairs of clv.v: Leal::: h. id already bcoa mixed and recorded .when a 
(jii-::!. \ 'Mi arose about "what to do next 11 . Sometimes the question was focussed* 
on whether a particular child "needed 11 a particular chemical (that another 
child s wanted to keep) in order -to do a pairing that should be done; sometimes 
it was cussed on whether * there were any more pairs left that - someone could 
work on in order to get another turn at mixing. Whether a pair should be 
dono , and whether any more pairs could be done can be solved in specific con- 
crete wayk: are there any more test-tubeis left for mixing,., is anyone 
fat en-sted In do Lag any^norc; mixing, in the child with the chemicals a 
"sh irv.r"? 0^ the other hand, intersection provides ci general solution to, the 
problem of; whether or not pair should or c.oul :1 be node* Some o 1 the groups 
of children worked wj.th the 1 i. f; l of pairs on the worksheet and the row of: 
hj.-i]-i»cs of chemicals ia jus': the way unc tutor in the adult-child situation 
bad worked with the column of p-iirs o I" cards. • In te • *oc I: ion emerges to reor- 
ga i i v. . the r 1 i.e r * aa t i ons and r/perations of mi:-:ing paivs of. chemicals Into a 
»•'■•' ini.e/saetian ac t ion -i i. -.-co ted tow.rd the goal of- f.ljd ; out if a new pair 
'cot >.ld or f.;!nu]d b :• don'.'. > " 
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A:: Uwmt'ev notes "the: s ubj ec t( :-:) did not rkwise or establish goals 
v 'luntari.iy- They as e gL.^.ei in the objective circumstances" (p 28). The cir- 
<n\-r',i::u\ t .>r:\ here t j 1 »> e ■ • :: to be tin:- rjiu-r: t:i."#n of what, i. E anything, could be mixed 
n'-.-.L- The quest Ion ^arrisss because (1.) the children want to mix all they can 
'am! (V) no other .-> oa,. ; Jb] e "nr.-.;!: pair" action comes up (i.e., the specific con- 
crete- solution is rcr.ic1u:i2 ( i or (3) the "n;.!xt pair 11 that one or more child wants 
to [:; blocked by scare.- resour-. • (e.g., only one beaker of a chemical) or 
({ 1st; r i. b u t c d among t o o m k • n y p o o 1 e w i tb c o nf 1 i c t L n g a c. t Lo as (i.e., the vur io us 
specific concrete :.')hitv»;v; -u. u>g the subjects aro in conflict). It seems 
then that the i n r sac L i jh action comes from two sources: 1) the activity's 
oe»u i ; ; i lag focr.e, cud 2) tiie 1 im i. red » val ue of the alternate, actions (simply 
unkLng pairs). Tie* children seem to bi- acting out Lcont'ev's "relatively long 
pi"oc ; .:;.r. of t^Uj^ il.'^li^l ^iLjllLiiili J: r -itiL2ii M ( n is emphasis). Making a chain of 
pair-inaVin^ actions failed to satisfy the dem.aids of the group activ y and 
i n t a r r;ee t con e^e rg» 1 d > r o ">,"/, mo 1 a g th a s y s t em . 

The chil dree- only group data provide us then v.tth evidence that intersec- 
1:I>m»- emerges with the existential status of an action. Recall that for 
Leout'cv, emer^eteca of a .function as an action is associated with internal 
i epre-e a t:a i ion ; whit we have here in the case of these children-only aetivi-. 
tn' o<; is an Int c?;ps ych olog.I.eal activity. We seldom have clear evidence from 
the interaction that one child,, ifnoj act is organizing and appropriating the' 
acLions and operations of the others. Tn shorty we do. not know how to attri- 
bute tin- interna \ r e p r e s .- n L a t i o n t h a I: the t h eo r y t.rap 1 ic a t q (? ) in the erne r g enc e 
o f a (u I 'mi \ i\ \ c. r i (his occurs in i n t o r [ > s y c hoi o g i c a 1 a c t i. v i t i e s 



17 „ 
^ We are not 



17. The problem also arises i.a th.e analysis of the inter psychological action 
••*/' I be. teacher and child in the- tutorial, at the point before the emergence of 
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u'w • ni this p *iruL if the I'heory neuJ-j L :> bo cJiAii;-!,ed to block the ^implicat ion 
i<i ihi ; j : . j . . or i f a I: ! r ibut i on nachiifery needs to be added to it, 

Y^?Jl : i ^ rKyyolopii! oil: 

. Vyj;.-jl.:?V.y* s notion of a "zone of proximal dtsvulopifterit 11 (ZOPD) has bean 
most often di.se: Listed In the cv;,tu;a of a psych.aT.03 ical test of mental ability* 

Vy.-.-'.-tsi y defined the i'-JPi) as the difference between tbe level of problem , 
di f i 'Klty that the chi ld coul d engage in independen tly and the level that 
<• ■:!<! be ?u.:co:t:j)l m! with adult'help ( Vygotsky , i 978 ) . More generally, tht* ■ 
■ 'j'-.r.i pi: iv»fi:i"H to a collaborative effort in which "a isore capable partner v ',rks 
on a pr:ib1;*:,i with :;o.:iaOne else who could not work on the problem, effectlv :!y' 
alone. In our work the term, ZOPD, includes this broad notion of col. Inborn- 
tl.'L: j>roblo.i solv in v?h.ich the more knowledgeable partner is inttera^ttfdv' in 
ha/iu* the lof: " k«vo ;1 l r*a 1 ;- a able 'par tnc: r Lake over, as much of th-j work as s'/he 
can. 



th- nVii.id'u 1 ndupeuden I: nciion. But, In the^ tutorial situation there are some 
p ii.ii;,>]": toward a solution. First, the. clarity of the teacher's role ay the 
o::y--ri. i a the di^cours^. Ls .striking (c.f. MciVvi , 197 9; Griffin and Humphrey, 
lW'Q. . Given her cmvet>; 1 1 i »nai role, It i si easy fo»: the analyst to pick out 
the '..e.iehar an the subject who ha? ^ atf in ten: Lai i?:ed form for intersection. 
5i a c • « ul , the p r i o r <" : \ i s I e n t i n 1 statu s :ir i n t enrr; a c t i on a s a < : ub j cc t i v a f o r m f o r 
the 1 1 * a c h ?. r is w i t n e a s e d not o nly b y t 'a a h i ?j (: o r y o f a c t i v it J e s v>hi c 1 i we h& v e 
racial of bar en.^a^hv; in hut: also by her inv ulvement' in 'the presentation, of 
the c . abjective ohjec-t?: as a genetically primary example in the tutorial* 
A;;nia, this -inkes i.u easy to clain that at lenst the teacher ha a an internal 
rt'pj-esan ta t ion of intersect! >u as it caa.r;;e.n an an in ter psychological action. 
However, we have as yet ir- iaaka;.atand'in^ of whether' or not intersection should 
be o: aould be clnivicd i'J hivo an internal representation for the child who is 
bao.n^ j-niord. before it • emergen as that child's vndependen I potion. 

■ * 

* * 

So ' ' . 
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O ,, . '^r t h- n: # 55l: import. in: ^C' *- "-»^ concept ' o f a ZOl'D is that it was 

u v! *>p -d within a theory iii,it. a^su.-ssr. tbnL lr^bur psychological Enactions 
ha/.' .1 r. r-i-i! ori;'i.'.i. The • L.i L e rac r iohr. tint institute. *a ZOPD arc the social 
.iri'jnn r»»f\->i;rusl to; not \nily what is carried out between par ticipnntfj , but: 
how thvy carry it out appear:., ^subsequently no the independent function of the 
n'fv/joo* That U: , the int^ ra:.: Lion between the expert and the novice is inter- 
nal!:.^] by the no/iec beco:iiin;: a new function of Lb? individual.. 

The theory assumes that prior to any particular episode involving a ; 

novice- and a More kn v„aod;;eabl e parson (an expert) the novice's psychological 

/ 

function;; count i tute an or;; ' : n i >:ed f*ya tara that permits the novice to form some 
v;.-)Lion of what the episode is [;oin- Lo bs about. But this "encoring" organi- 
sation of fiu:etio^r. may La widely variable v?it^ respect to how closely it maps 
th<: .interne!: ion ■. that will organ! zc 1 'Vior in the full realization of the, 
"Activity at hand- The ma;j jt rcqu lrer;,en *: r> that the adult: find some v;ay to 
Jnclnd-' the child an the activity that a/be wants the child to master.. This 

maybe accomplished in a cn-eat variety of way**,* some of' which have been 

v 

explored (Kcrtsch, in press; see L.C.H.C, 1982, for a more extended discus- 
sion) • . -.." ! 

^ . 

The Important f'olnt is that a a rent variety of systems of cognitive func- 

Lion i nr» may be appropriate .entty points into a given ZOPD, puch that |here is 
no n-hnplo mapping from adul^S^s tern into child system. Fu£ therm or c ;l ^children, 
who '>..iy .be s imilar with respect to their" entering cognitliv^ systems may have 
experiences in very different ZOPD's with very ... different . 4 in terpsychological 
cognitive' u ys t , so tea', there is al so no simple" map pin 5 between euterfn* 
eh Fid fiy^tem and re:;ul'tant 'child £.;ystem^ 
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• Participation in the ZOPD docs more than simply supplement the child's 
•c?:: i-*«t Lng organ i'cn t i oiv of functions. Rather, the ZOPD is a novel system of 
fun*:U i ,';as that v< ' !i on the i nter -p.'.; ych olog, icnl plane, as a system of func- 
t'fons h . • ween people. As a . consequence of interactions in the ZOPD, there is 
so:ji»j probability that the child's entering organization, of psychological frac- 
tions will be .modified. In this case, we have some relatively spec : ic 
hypotheses about: the form that the modification will take. We expect that the 
child system will come to approximate the system of interactions constructed 

o 

in tVu'i ZOPD. These will be dominated by the ^adult (expert) .system of under- 
standings with respect, to^ the activity at hand. If. the child subsequently 
performs the task independently, the new system of functions displayed by the 
child is seen as the "next step 11 of the jjvtra- psycho logical system attribut- 
able now to the chi ld. Here the s£cio-h istorical school departs s i' L *v! c . I ecntiy 
from other developmental ' approaches . N The child's new system of :y^g?.i;lz-ir*£on 
ir; seen to be continuous with the prior interpsychological system tep 'nzen ted 
by interaction?; in ^he ZOPD. It is discontinuous v;ith the sys^citn that the. 
child displayed prior to entering the ZOPD. The relation between steps in "an 

i n ; I i 7 i d ti : ! "J " v I n d e pendent: d c v e 1 o pi >*: en t is not i mv. e d i a t e , but r a t h o r i s me dial • . 

f " 

by Llv social situations in which the individual participates. 

•' u 

A Item a [*, i. • - e f r a z \ •:: > ■ o r k , such a s Pi a g e t ' s , s e e L c: o n t i n u 1 1 i e s b e t we en steps 

>, 

of i n d e p e n d e a t d c v e I o \ ■■ r. e ; : L , an enterprise \,< ! ; i c h h a a c oi ne under concerted 
a t !: \c k i n r ec en t yt ■ ■' r s . }■' 7 do r< (1980) po in t s out. a prob 1 em w I. th the Piag e t i a n 
c.^n : l rue i iv 1st pjsi t ion ■* tha t: arise." , when* one attempts f-> derive* a formal 
Matlwi.'iat. i.cal wodel of sta ; *e 'develop'ien f. ; a higher order calculus or logic car. 
derive low-jjt order ones hut cannot be derived from them; p . ec, it is very 
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flUflcult to sac. \yjw' children can pr.^ress from -'Mower" Topical stagers to 

? 

" it I \\\\ al" logical .;t:igc;a unless -ill*-' p '-its (as I'jdor would) ijhnt the "higher"-' 
sLnfta if; la"* way . inna t c 1 y hi plae;* and that what looks like constructivist 

st:i;;e develop u ? t ;n t is in fori jus f the gradual maturation and environmental 
tr Lf.;>;t': - i iV', o f imritr rnech in i\s:r..-; . Fro:u this vantage point, the claim is that 
the innate b lbs; -nr.- 1 i rial 1 y cons t ra ItuvJ. cognitive constructs .ffceount for the 
"highest" order lo^lc ( Eor.nnl operational) and that earlier logics (sensori- 
r;:oi ;».-, concrete oper n ! ' » on >l) which can be derived from them appear under cer- 
tain ni.t turat. I.onal anu (miri imal) envirorirnen tal condition/. The argument 
appears to ' sound. . J 



In the same article, Fodor develops a critique which he apparently 

f • 18 
b-.'l jeves similarly reduces ' n- Vyj>otsk.i an position to an innatist theory-. In 

a:i interesting way, Fodor's argument provide?! its own contradiction. He con- 
siders- fcjhe typical "concept learning e : a*-»rimen ts ,f and claims that such work 
can develop information on rate of lr-.a:n imp, and inf Incite an on learning ("fixa- 
tion of belief") but cannot inform the investigator about where concepts- come 
from,- leaving infjuirifta about "concept acquisition" to the nativist* He 
dcv:. I.be.s In detail the steps oC such learning e::perinen ts ; 'showing that the 
experimenter provides soatcr materials and some interactions and that differ- 
ences in the--.,* con itlons can»be studied to see what conditions, promote ,* say, 
faster learning; but, To dor nays, yoi^ cnnn-H tell where the concept conies from 



jo. it is important to note that the roc io-his tor leal, school , and particularly 
Vyv^otsky, are n**L in principle opposed to positing innate elements; work in 
4:he fra;nav/ork includes wjrk on biological ;ua teria .lisui -and phylogentic inquiry. 
Tl is consistent with 1 this J:rivn3w:>rl; to posit th^t some aspects of mind o'ri- 
y t Lnate and are constrained biogenetic ally and that others originate' and are 
C'Ousi r..\ tued culturally. Thi?j is similar to a position Chomsky presented at the 
ron feranee where Fodor developed his critiques [Pia ttelli-Palmnr ini , 1980]. # 
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t:h»! th- sun j i.?c.l is learn \ a;- s.» fast ■»;* go slow*. Wo think, -rendi.nj; his arti- 
c)., „ !. h"a he I:- . just t old- us where the concept curias froia: j t comes f rom the 
tdllV/.-L-'lll'Jll'V." There ; is a s'>::i.al origin for the concept', just as Vygotsky 
assu.;?s- Of c.ns.sc in. Liu 1 case that Vodoi: usl:s ("mlv" is rod and square), the 
fii'-i.-Ly which originate:; it i.s..a'ather odd> small and restricted (the labora- 
tory ':.'c. Le ty) . .::ul the social interactions are rather dull and limited (the 
e.rjj'i'.t'MVMita^ procedure script), but nne theless , the social origin is clear. 
1 1 i s e v cm i i i n p o r tan t i a . s r„i e s u c h e. ; j o r I m on t s t h a t t h e con c e p t b c i n g 1 nv est i- 
iMloM c'»»e only frO;.»i thv; restricted little society, lest unknown variance 
from -'^ history "vi.t'I»te the concl i:s « o-., : (\v r nere else could "in.Lv" for 

instance, come r f ro:a except from some society of • e>:per xmantal. psychologists?) 



4 * 

^ Pod'a-ls v;;:on£ with r»: v ;..poc t to Vy got sky's theory when he says, "V/nat it; 

doesn't ^tell you is where the hypo theses (and the concepts they deploy) come 
, from!' 1 (p. 146) Vygotsky claims and Fod.jr h tinsel E" descr ibos the ex per imen.f:er. : .as 

or igin of the e>;par huent..' 1 .subject's concept. Fodor \I.s correct, with respect 

\ 

to Vy;*o "sky's theory, when he s:iys 11 •..it: presupposes the availability of that 
concept 1 ' but is evidently u.rivare that the theory presnppJ.se'; that the concept 
i s ; i v ■ : 7 1 ■■/.) .1 e tn , the social s y s i: c • n and th at this i s a r e a r ? o ^ ab 1 e a 1 1 e r n a t i v e . to 
V> : ar' :" supp;.:i I.t iion tint the concept must be' presupposed available- via inn a. te- 



nt*. ' s . 
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i S u ->v!>ar> # ^a. v *a Con cj U i s j o as 



. '! he s > c i o- h i s to r i c a L f ram e v?o r k » 1 1 " '.■ v i de s • c o n c e p t s f r era ' the t h eo r y of 
a c t i v L I. v end f r :m th a w j n e ■ j f pi' '.>:-: j m a 1 d e c c§,o p:ru- n t t h a t a 1 1 dv In vest i. o a to r s *i n 
tVi* herein sciences to note abstractions Joke "la Lersec tioiv 1 jin multiple loca- 
L i j*i:s . As a su*>j cc t i ve-ohj' w ',: , Intersection can be located in: 1) the 
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•i^li:' LLil oE tin.: teacher and. the collaborating ivtpfvu-cliers; .2) in the subjec- 
tive fd-.H r-r Liu; *ono of ,>,r linal -lcvelop.no.nr 3)"' in the in tcr psychological 
•iilLLM! I'/. l]l ' U'.-ich.sr chile! subjects durin;.;. the tutorial; . /») in the 

:I J2 L^I ^Ll/i^li :i -1 '^liLDJi act logs oE the teacher and child subjects during both the 
tutorial dud thi- che.nLca'l jic t ivi t les ; and 5)" in the ^ ra^y^^^^l 
' ^iitLJiii of; ■•■•^•j jj^th.-« child subject?; during the tutorial. 

Tlui fra;;i:u;ork Eurthor specific:: Mr-it the external locations (the inter- 

is* •- 

pssv ha logical, obscr V 'cb'l e instances) arc; related to the internal locations 
taint are di.fflr.ult to :i])m,m:v..' : the relation is. one of origin. 'Ttratis Eorin ions 

. , - ' '"T ' • 

dm.\uif; - the r-/:Liesi.s fro:;-, the; in tor- to tin: in t r a-- psychological piano, can be 
n-'tc-.J as consequences in Lbe reor<;nn i. x 1 1: ion of opera tionr: described for chil-. 

d::..\u like Uebecen, Nina 'and Tracy in the tutorials- Tvant [ori.ia!: ions also 

i 

occ\u: \'he;i in C ersec t: ion changes from _ activity"" to action or when it emerges, in 
can activity as an action. The tcaclv.vr' s subjective-object, " in i.ersec tion" , is 
(in tii" activity as veil Ln h Ls/h*. r I n traps ycholo^i eal state) fairly well 

rrpr seated by the mo.' of. cinrted in Ta;/ie however, as a/he eaters into the 
ii'lLi:":?. /' r Int'.-rsor-.t ion with Hie child, "intersection" can take cm a yreat many 
5:p :*c f. f ic fon.ts. . it mu'.hl, i;jr ^ Vti^le, begin as an* incomplete column of pairs 
and, iviediated by a vurbalU ordered sequence of pairs, end with pairs- out of* 
the pteferred order in the material colivah. . As the intersection action 
c^.er-cs for the children in j:h<^ _ chemical activity, there is a similar, 
traasrdrmat ton of the material display and mediation by the verbal display. 

10. We ; have nowhere in our records any obsarvatir^fa of Intersection emerging as 
an ope'rnt ion ; it 'is j'ossible to imagine "counting by intersection" as one 
counts by' 2's or r >'s- or 10's and as the addition gets fce ohn Lcall *et1 in the 
r »Le recitation 2 , 4, 6, 8, so would intersection get toehn leallzed (be an 
operation)* in a rote reci tation 6, 10, 11)', 21. Seldom, evidently , in the 1ui- 
n.m activities and actions of o"iir culture is there an embedding oE iutorsec- 
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:i 'it i , the* fra;=>e\: jr i: see:aa tjhe fr ii i. ' : n I fvr Ihor.e Interested in empiri 



iii."'" : ':»■'« 1 1 of abst roc L iwn:a 1 i i:. : • i n Le r sec t ion ; i. f even provide:) us with 

?■ i I.e l « {' i iv; an:l ro.ne u; i an n- a jr'et Leal questions. 

.•'.»?;.:» Impor tnr.l. to if: j a the re .In \\ I *ui of the framework to the practical 
aci.iv" ii.y of (vInv.Tt ioiu r i l ti ';f all, Ln a framework where psychological func- 
tions are expected to hnv-. an i2xttirn.il Interpflycholoaical origin, ■ cducat i.onal 
encounters an.-. clearly important. . The discontinuities that this framework 

5 \ 

el .Ii..-; C in a child's df.-Vislop-nu.i t i'.iplv that vrri.ati.on in tht: educational 

aetiy'tfyT a:n:»nj> children v.'j.ll result in variations, and perhaps in inequi- 
ties, at-.t'nvv, the children' a even tuol. states of . psychological . functioning. 
Second! y , \ ;the fra^as. 7 or!< riug ,,, ots that a value-laden view of educational 
;'.c 1 1 <'i;:y ■ ho devel oped without d^p-niling on the problematic vehicle of 
p:>';l-t".';t 'outcome Pleasures. Richer than having to rely on. whether the ^t^^ 

can- trarr' r cr the object of an, educational activity to "a testing situation, the 
\ ' 1 . x . \ - 

f i:a. \-*\: u\\ .'Uv',;;ea that X/';.: can canninc the ac t ivity . systap. directly. An 

a V 

Wcluat ' a can locate the object the to ter psycho logical plane and see it an 
(Inter) sub] ec t » ve form of the object of education ..appears . If it does not, 
ther.-.' has \ Veen no education. The civile] ^her already knew it, and performs 
in tr r) -p-5yehol i.i;/.ically , or lir* still hasn't encountered it ay an (inter) subjec- 
tive, object; ' j Further ..ore,, an cval.ua tor can locate the teacher's use of the 
children'?: If fiirf:t attempts" and assess the success of his/h'er ability to (a) 
elicit .first attempts in an activity and (b) appropriate these actions, opera- 
Mon-?. products of the children for the activity which the culture has 

defe bildrce sh :?ul cT par t i c i pa te in i.e.-, the ' curriculum topic .that 

* 

1 '"' ;n • yer action sue h thnt it would unde this kind of transforma- 

tion [ . . ..deration. 1 ' . r 
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Is the object of the edii'Vi't I win 1 net ip lly . • Pre ferable cduea clonal actions |Eor 

I c-.'t--- 1 :. c-uld h-ace be- 1 -.ca Irfirl aiv, J used . i.M teacher training and curriculum 

> 

dev .• ! o | • !•.* mil - 

Thirdly, the f raniev.vjrk has a sphcitlc recommendation f,or curriculum: the 

pr-'ol.'in of whtL cannot- bv seen v/]>vn subjects are always in situations where 

! 

they deal wi i.h "pr^pa r ed ^r/als" if; n»t only n problem for exper imenters. The 

I - . , , " 

r|ue.'i«:k»n of; whether 4 skills learjied in schools will be used In the outsidq 

v:-f ;■■!»] the ejection that e«1 nca tors regularly, deal with. A or Iter Ion for a 

topi-c }>.-»in ; ; in a cur ■/ icul u a should be that it somehow iy embedded in life 

✓* *• i* 

after school ; yet IT the. emr icnluln sequence do:>s not^specif ically provide for 

ac 1 1. .■ I r. ir-s where these- onbedd Li^s .can he discovered by the children, and prac- 



t i e.vd > and 



a ps 'assess.: i , t hen ; Inw can it; claim to be a preparation for 



life- outs file ->f school? D'jsiwi.vjii<; th.isc kinds of activities, where children 

cw.;i-: upon Li io ob ject of education' J a a difficult task.* As we mentioned above, 

our chemical mix in.*; tas-'. Pa i .1 j ! to "w7ik M with several of the groups of chil- 

d r e u a n d inter s j c t i o n d i d i 1 .;» t e f'.u? r e e . ■ ' 



V/hvi.le we w'.r.'t to leave iIkj ■impr er;sion that we think it. is important to be 

/ 

nbl.? to identify aVid undertake true educational activity, we do not^'want to 
leave the fupresa Ion that we tWink we always accomplished it, or that wc can 
d'j so with 'Our current knowledge. In fact, in spite of elaborate preparation 
and l>ac!:f, round work and unusually -r-i.e'e ■ resource!* for the tutor and curriculum 

i | • • i. • 'I ". 

planner, lv;e can point to" failures with particular children. When it came to- 

•'I . a • ' . 

a p p l* :> p /" i a r, \ n p, s , \ a children's a c t ion s a n d prod ue t s i. n to an. in t e r ps yc ho log ica 1 
inters-- < a» M action, f sh:: fa Lied to . produce , on line, .an abstraction that could 

1 ^ 

appjy to the spec.irlc con f i.guvn}- 1-on that the child's behaviors and products 
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cr.MU-1- Afti-r|l : !»- fact, w*. can ,, .1 i ea t:hn t the child w if» ual ng (py) an 
„;,„;;..*! , ! -.|,r"i, 1 ;/,,./in ;1 aer Li..- array; ho appeared f:> be mov lap. from' right 
t . v.r, ( -, L ,niehor and the vnvlahl a choices. - After the f act ,we can 

;Asv that the pa.. L i cuUc -form of the material* contr lb u ted to thd prob- 
'lom. l*o had pLcturoe of movie stars on our little cards, one movie star for 
aoch tie.: dtfforonf. stacks-. I.e. for each color. The children and the tutor 
oncoura-od to use the star's name, to refer to the cards. Unfortunately, 
,,- v i r r.rdo two of the stars he was working with had names which he pronounced 
tn n ....... that made" it difficult for the 'tutor to discriminate between them 

wti".u Lh.sy w;-. reused out of context. Ills pronunciation was not abnormal for a 
naCi.-o Spanish apaaltev producing a proper noun. When lltcardo. said Sean^the 
tutor i-.terpretcd it as John on some 'occasions and on others as Scan . The 
sar.-V with John. Wo have pointed out the importance of the verbal ordering of 
the pair,, in the - in t o ,-psyc.hDl oy leal action- the, ordering does n"ot . appear 
nep.tly in the "material col u in of pairs. Neither Ricardo nor the tutor could 
r«,,forfd,ly produce intersection as an (intnc), subjective object under these 
conditions. Sadly , what appears ' to be the beginning of the ■ emergence of 
.. jntt;1 ,,.,t;,n» an an indc*p*«denfc action for so-:,- ,? the/ children gets sub- 
•,*.r».»d In the difficulty of the inter pyschological . operations and never 

\ r 

np;v;:H-r. a^nin in the. tutorial. 

l^ucnCi.^l activity .Is no^a unidirectional, process for die child, for 
rh t,, r:( ;h-r or [:>r the'" tenc^/r«^h ilcl; ^ tcr ac t: ion . In the " Chapters that Col- 



the up r.o >n of 'thc^if f'J cul and opportunities afEorcw.J. \y 



. lov;, \-:c- t 

/. 

ur«f i n interaction 



n- 



ERIC 



9. 



K1n.il W-forr n . MI»H;-7«-0l59 

94 



Cil ( \!>r!;K 3: 



M1SA PPROPK TAT ! NO COGNl.T I". V \u PROCESSES 



'i'Vi'.! wjvk w. will describe in this, chapter is pnrt of a general effort -by 
me,.}!;* ■!:<;' of the Lihorat.j ry of Gvmpnrat i.vc Unjoin C^\nition to develop an overall, 
tii.nry of the way Ln which the cultjji.r'at or^an !.xat i :/a of experience Influences 
co^n!.' i.ve behavior. In tfii.s particular, study, we*'are Interested- in 4 hov7 dif- 
ferent wry/; of «,i nioiui'in-; clarj.^ooiif events lnf.lu*nch the cognitive '^activities 

tui'I I -j;i;.-i>.i.n* achi ^v-: •r,;:;if ? of different chi.ldiran. 

J ■ \ -. • .- • / 

Frora the point of view of the;, prat Licin;j teaeher , the phenomenon v;c 'see'. 

ar- basic to our inquiry ir; l>ha frequent in tu L t iovi tiYa*" n child knows more, is 

■ ■■ ■ fV, 

more capable . than she/h:* shows in a given evaluative ^ontc::<t» In an 'example 
i.i. our videotapes of the activities of third and fourth graders,' there* is a' 
chij.d v/Vr; s.eerit:-.j to know a great deal about "the social organization of Native 
A 'I'.ir'i ;ans • lie volnn tears relevant in for nation , answers questions effort- 

lcii;aly. lie "knows it" all." But when a" seemingly trivial task requiring that 

' ! • , i m • 

the. child* fill in an incomplete; char t contain L<t£ the information he has iust 

*, , . . , 

Sf'n.;q, : >;] • ^ presented, the child fails ef for tldssly to demonstrate what "we 
kno./ he ]■: n-ov/s • 1 'I'm? re is no sclent Li. 'c apparatus to account for.! such observa- 
tions. If is to provide- such an apparatus in a sufficiently explicit and 

detaU.ed form that it can be applied to a variety of issues that grow from 
* ; • ... v< ! : 

this familiar observation that. \;e have undertaken our current research. 
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T'i-' j »r:"- - 1 j <•• : : ', li'n." , .<ii , r' L .•i 1 i;:tr» 1.:: a version ">f a prolitoKi Llmt faces 

res<.Mreli hi • ;i viri-.'ty of arx ,; ih. The mora ;;cuot;;j1 statement of the issufi is: 
How rl ;n*r r;»r..r;:v.'.' - on o-.U'. ocrian ion n'laj'c to per f .Mi'ianr ■ ». on another oeca- 

'■■dim'! ' : r 

1 T 1 j- 

;'ArvV f : tv- 1 ^hili^H ?.£ the; pr /'j Iom ^ ' 

5^ ■ : • : 

^oAoral issues can be sean in .studies considering; the cognitive 

v; .j .,. u;<.f. o 7 education , including invest ign Lions we have undertaken with 
f ■ 
'•"^ -lines' in the Yucatan (Cole, Gay, dick and Sharp , 1 971 ) ( and in Liberia 

;• :].£, Sharp find. Lave, 1976). By and large, and as long as we stay with evi- 

",. denee fcom commonly used tests of cognitive behavior, the findings are that 

schooling .has produced a very significant transformation in the way people 

think. 

There- are good reasons, however, to be suspect of the face value of this 

evidence On logical grounds* alb)ae , we might be concrned - th^t all we lfavc 

tlonn is to show that special -practice produces specialized learning. That is^ 

the cOii»':! 0:i1 y used tests of cognitive behavior have a special relationship to 

p^opl ■! do during their schooling; thus, conclusions drawn on the bas^s of 

'su«:"h tL:ftLs are problematic. The issue can be posed best by stepping outside 

of the- school to cvnrsi.d?: a test for the' consequences of career training. 

- * 

C-)l o ; Sharp and Lave (19/G) provide the following example and discussion: 

Suppose, 6 or « example , that we wan tad to assess the consequences of 
•1'enrrPin^ to be a carpenter.. Sawing* and' hammering are instances of 
s e a s " • } n o t o r poo r d i ri a 1 1. o r*; TTe arn ing to iiica s u re, to . in i t r e corners, 
and to build vertical walls requires mastery of a host of ^intellecr 
tual skills vtfvj.ch must be coordinated witli each other and with sen- 
s j r i i eio t *> l* s k i lis t o p rod uc e a use f u 1 pro duct ( we are sens it iv c to 
this u-rn^ple owing to our own lack of 3 succor s as carpenters!) To be 
c; vi j; f> y v» e \ : ' > nl d be will I ng t o c e r t. i C y a m a ^ t e r c a r p e n t e r a s s om eon e 
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vlo ]j;ul m«..'jtacad car pen Lor ing fikills, but how strong w.>uld be our 
c1ai»i for the general ity of th j s ■ -outcona? Would wc want to predict 
til lA- the ineasurtMum!: and n'jt'ju skills learned by the carpenter make 
him a .fikitl.ed electrician or a ballet: dancer, let alone a person 
Willi ' in ;> i- c» highly developed' sensor hn.otor and Measurement, skills? 

Lost it be thought that the example is too absurd to merit jux- 
I ap'is I tion with the 1 outcome of schooling, consider psychological 
experiments in 'light of the contexts from which their procedures 
ba/e been 'derived and the. (l'^Mins in which they are routinely 
appl led « >' ■ * 

' Some version of virtually every experimental task reported in 

this monograph can be- found in Alfred Bluet's early 'work on the 
development of behavior saiji'ples which would predict children's suc- 
cess in school. The inspiration for their content came from an 
e::aminat Lon of the school curriculum , comb ined with Binet' s sage 
'guests about the fundamental principles that underlie success in 
mastering that curriculum. The correlation between successful per- 
formance on Bluet's tasks and success in school was a tautology; the 
items were picked because they discriminated between children at 
various levels of academic achievement* Might we not be witnessing 
the converse of that process when we observe people with educational 
experience excelling in experimental tasks whose form«and content 
* are like those they have learned to master 'in school? Is there any 
difference in principle between their exc ellence.r in recalling word . 1 
lists, and the master carpenter's ability to drive in nails quickly? 
After all, practice makes perfect; if we test people on problems for 
which they have lots of practice, : why should we be surprised when 
they demonstrate their competence? Conversely, what leads us to 
conclude that they will be cquivalently good at solving " problems 
for '.ihich they have no specific practice? 

Tuls. work reveals as a problem the close tie between "the strategies 
available for psychological studies and the tasks embedded in educational cur- 
ricula. It: also makes clear the need for developing new strategies in order 
to investigate psychologically interesting phenomena related to education. 
Specifically, we need to be a>le to* locate and study behavior in tasks other 
than those found in standard experimental studies in order to understand 
whether the performance difference noted in studies of the cognitive- conse- 
qu.-ncer- of education is anything oth.eV than, a function of the school popula- 
te L •' • n s' pr io r e>: p o s ur e to t e s [: i: a sk s i n s choo 1 • " 
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In order to understand on a mora basic level how performance in culture 

./ ' • - •„ ^ 
ally or/.rm l/.ed' educnt-Lonal settings Is related to a;i individual' c cognitive 

" * « , \ ' " • . 

behavior in other V.ettings , or in samara 1, we also need strategies -to deter- 
mine 1) how schools do tlics" reorganization of , thinking that they seem to do, 2) 
how the co^rtpatenciU^i^vir^riOUHl oy schools are related *ta the competencies 

demanded by .other mparts of' life, and 3) whether student^ transfer learning.. 

■ ' 

from ttVe school to the. non-school setting." 

o '• * 

AL1 of these questions presuppose for .their answer '^knowledge cf how 
school-; and non-school-like tasks come about,, inside and outside of schools* 
However, nonr*. of the Methodological pro-requisites exist currently in the 
social sciences,, from which it follows, that we are riot in a position to make 
professional statements about: Hie effects of education on human thinking, let 
alone 'the 'impact of different kinds of schooling on different- children . 

^» 

In an effort to discover how to answer questions raised by or r cross- 
cultuir.rJ work, we began a series of investigations of U*S. children. In an. 
init Lai' study,' we looked at ? r group of children in a range of activities:, for- 
wal tests, various kinds of school activities, and after school clubs (Cole,. 
Hood, and Mc Dec mot t *1 978 ) . How and why our current study differs from this 
first attempt is basically the .story. oJE this paper, 

\ 

That; first time we looked 1:0r -Several .cognitive activities that we 
"believed would occur in the everyday world as well as in school; rememberings 
notiMop similarities, reasoning and so on. In the tests, we found these cog- 
native activities to-be dense and v Lsible ; in_ the classroom, we found them to 
be scattered but more or less visible; but the club was differerit: Except on 



93 



PIo.nl Import: ' • NIE~G-73t0159 

• . " . ' ' , '. . •'' ' 98 

' ' 

rare occasions it was very cILfif icult. to identity any of the" pognttive tasks 
%^at we had posed for the children In their testing situation.^ arifl seen during* 
our 'observations of the classroom* Somehow, cakes- were getting baked, plants 
■grown, rat mazes pon«tructed , and electric circuits lit without' anyone 0 doing 

anything that: a cognitive psychologist could recognize as thinking. On tho 

i ' ' ' * 

rare occasions when we thought. # ;hat a cognitive task-like problem had 

occurred, we found it virtually impossible to specify how. a particular child 

- had responded. -» % , 

-Perhaps olir di-f f icul ties should not have come as a surprise to us, but ^Ln 

terras of our goal of building ;] technology whereby cognitive *' tasks cou'l.d be 

/ 

> y 

discovered and their* sequalia studied in no n- class room and non : -test ^situa~ 
tions, we were (and remain) in deep difficulty- ' 

Crudely speaking, opr. data indicated to us. thai: the source of the d±ffi<— 

a 

culLy resides in* the social constraints operating on people d.uring- the conduct, 
of a problem. The psychologist's task (classifying, paired associate '*learn- 
ing , logical reasoning) is riot a physical object in the world. It is, rather, 
a set of activities ( p e r-ha p s i nvo 1 v irig pi \ y s i c a 1 ob j ec t s ) the g on I o f^;h ich is 
specified by the psychologist along^ with a «set of * cons traints* that must be 
honored in meeting thrNt goal. One of our difficulties when -moving from ' club 
to school to test was that the larger social context within which "the same 



task" was • embedded placed very different constraints' on the individuals parfci- 
cip it ing in the scene. As a consequence, the individuals were mp"re or less 
fre«-? to change the condi t ions^ of the. task, even to the ..poxnt of making it., go 
atey , depending upon what social context it* occurred in. 
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A second problem concerned' tlto sL> si4jgclf ication of goalfj. Even' "casual 
analysis of a single testing situation- quickly reveals' that ap enormous amount 
of "social work 11 goes into maintaining the psychologist' s , task a? a focus of 
attentLon. , Subjects often are as anxious to derac-nstrate their friendliness or 

intelligence, or simply to get-i t-all-.overrns-quickly-as-possible , as they are 

<» 4 '■ 

to "think hard."" Tast situations are designed to "miViimize the impact o£ these 

f , is • . 

alternative goals, of course, and large groups of subjects are usually run on 
quantifiable tasks so that, "valid 11 , inferences, regarding thinking can be 

Of) ' a 

achieved. ICrrat is crucial to point out is that in non-test settings includr- 
in{, the school and the club,, the multiple goals that occupy an individual at 
any ^single f>oinfc in time nr.e vt*ry diff icult to: ignore because the settings are 
rarely constrained to tfhe extents that the^r keep people from working to achieve 

several goals aj; the s.qme tiuie. That means that we have some difficult prob- 

*. * , • 

lems of "task analysis 11 - to deal with in order to specify re al task similarity 

across contexts. .And without, task similarity Ve cannot get far with an inves- 
tigation of ho*./ performances on different occasions are* related. 



20. We don't wish to question tire validity of t;his approach (See Cole, Hood 
and McDermott, 19/8 for an extended discussion). * Of course it is possible to 
claim, often with great j ustification , that the psychologist has been unsuc- 
cessful in creating a properly constrained model task .environment and that the 
subjects are not simply trying to achieve the goal specified for them. Else-* 
wher-e" we *have developed the implications of thia critique (Cole, hood and 
Me-Dermott, 1978) for experimental psychology. Here v/e v/ant to point out that 
even with maximal constraints ^erected to ^peifmft flawless inference "about "in- 
tent" the flaws remain. 
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A useful starting point for thinking about making different cognitive 
'tasks occur in a rang* of different contexts is to consider the procedures 
that psychologists use to "maximize u .he probability that tl;e same tas k will, 
f re-occur in the same context/ The key idea goes -under the label of standardi- 
zation. Material s .are pretested so that; the. sub'jqcts can plausibly be said to : , 
be working at a uniform level of difficulty; instructions ar.e.. given in a 
standardized manner restrictions specifying what the subject may not do are- 
emphasized; the' time ' taken co deal with any part of the materials is fixed; 
scoring procedures are rigidly adhered to so that only "relevant" parts of the 
subject protocol are . included . 

Even under these* circumstances , all -psychologists recognize that the same 

task is never repeated In all" of its details. ' Instructions ..are some-timer, gar- 

_bled; subjects ask questions for which n$ standard answer /exists; a" subject 

' * * * . ■ ■ * 

witlua cold, keens taking time out to blow his. nose.* To accommodate this recog- 

n/ifced variability, the psychologist works with a model. -of "the same task" 

-that permits him/her to proceed with the work. The model assumes that the*, 

variability ^n what happens .from one experimental/ teat session" to another is 

randomly distributed with respect to the essentials of the task. This assump- 

. - » 

, tion is built directly into the statistical tests that ara used fo evaluate 

psychological tests; these statistical tests include the assumption of random 

• *» , . 

crro'i: by making, each subject's score consist of two components-- the_ true score 
and an ■ error term. Discussions of test reliability looked at in this way 
reduce to tests of the size of the random error component .relative to the true 
effect. It is* .also important to note that this model of, standardization -relies 
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on testing relatively large numbers >J! subjects so that the irextfl. effects .can 

* ' ■ . • » » 

be dJ.stLngui&ho.cl from errvr* . ■ " 

This modal is V iot without its, c j;J t Lcs. Although, the argument is made in. 
'a variety of -ways, the basic point btfHs'down tp the contention that the error 
■term in the .standard model is not randan. For example, Cicourel and his stu- 
dents (Cicourel et al, 1 97 A ; Mehan, 1973) sfiow that experimenter/testers sys- 
femati.cal.ly provide information for name subjects that they do hot provide for 
6thors, thereby inadvertently changing the difficulty of the task. When this 
observation is combined with the vork of Labov, who makes a convincing, argu- 
ment 'that some subject^ view their task in some! standardised tests as that. of 
self defense against an antagonistic adult (Labov, 1970) or a variety of 
demonstrations that the contents of tests are .subtly non-equivalent . for dif- 
ferent subject populations (see Ilouts, 1977 for a summary of. such criticisms), 
one comes to appreciate that the sense in which' many psychological Experiments 
and tests represent instances of making the same task happen over and ^ over 

again is a very technical sense indeed. 

* * rf 

It is also essential^ to consider and to- make explicit the basic pro-* 
ceduresj, by which cognitive psychologists make plausible ttfeir claims that a 
p^.'ticular task has occurred in the first place.. Cognitive t3sks \ don't just 
happen, they are made to happen. - Speakirig schematically , the psychologist 
creates an environment for action and observes the actions that follow as they 
relate to the hypothetical structure of the eriS/ironraen t-as-cons true ted. 
Psychological tanks constructed in this 'way are virtually' never one shot 
affairs. Rather, the psychologist does a good deal o± "pilot" work.' This is 
the part of the ■ study*-, where the experimenter's intuitions about the task that 



lu 



Finn] TV port . .' 5 . NIE-G-70-01 59 

* . \ M02 

lia . h is constructed are tried out* The. psychologist looks to-^soe if Lhe' 
• ■ , i 

an / i c :;n';:en t:~as-co;is.l rue tad seems l;o be the euvi.ronWjit-as~ responded to-* 1 it: * is 
crucial! Hiit: the subjects be responding t^ the st 5mul.i (including the- instruc- 

tionsO in the mnnnai: prescribed and that the. sub ject-Wt engage in behaviors 

" *■ ' • 

th.-i l are cons idered to fall outside- the limits of the task. In effect, the 
psychologist cre.atcis a model system and studied' behavior within it. The . goalv 
of theorizing is to account for as inaity details of the subject's behavior 
within rhe model environment as possible. In this approach, the psychologist: * s. 
theory is simultaneously a theory of- what th*i task is, what the relevant 
behaviors are, and the relation betwel-.il elements *o f the tasks and elements of 
behavior. As a general rule, the psychologist's theory o.f the task- behavior 
interaction he has set up will prove faulty in one or more of its details. 
Tills leads ,to the construction of a now task environment that differs, in some 
principled way from the first, but is similar to it in many respects. .The new 
task presents tlie subject with somewhat modified conditions for. action and 
again the psychologist sees how well his theory can account for the pattern of 
beha/ior-environmen t relations that results. Excellent accounts of this 
research process are to be* found in .Est ess (1975-79.). c < . 

Two major characteris tics of cognitive -psychological research can be 
abstracted from the foregoing discussion. First, cognitive tasks are, con- 
structed, not discovered* Their construction involves the design of a f^nc- 
tioijal system (bunLa,: : 1 979) which .provides for the structure of micro- 
environments. Within this system, subjects are constrained in a variety of 
ocpllcit and 'implicit way:;* These constraints arc. essential to the analysis 
because only when they are met to a reasonable dfigroe can we think it plausi- 
ble, to conclude that we have identified the task that the subject is engaged 
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in. Second, the -pr-ic ^duress for con str acting a tas^^lsib V/^ld a « e t of rules 
about • what counts-.^ r^l-r.^nt behavior for analysis. In effect, the psycholo- 
o-lst has constructed a * cod hi» \scheme for beli.-iv.lor. It includes many sub- 

••• f - • ■. .. : 

Categories of relevant behaviovs and a catchall category called error. 

■ ■» . ■ . -— 

Jn or(!*r to t Lo. ^IrfssrooVrt '.ibseryntions to 1-fiborrt tory-gencrntevf cognitive 
psychology 4_n anything other .than a casual way, we must find ways of specify- 
ing tasks and establish, the relevant behaviors in a manner that can yield the 
same 'kinds 6f statements about task-behavio.r interac tious. In so far as We 

• ' • " • *\.* - v . " . 

fail in this enterprise, we are-subject to Virtually unlimited, .uncertainty 

about the validity -of our claims concerning such matters as cognition , 
« * ■ 

transfer,** and learning* ^ - T - *. 

• " Our jjrurrent work with third and fourth grade children - grew out of the 
earJLier observation© of children in tests, classrooms and, clubs. But nbwfcur 
collection of data Is designed so that we can construct something like the 
psychologists' model systems within which", we can study^ the children'*; 
..behaviors Jr\ interac tion vitfi various environments. -What we have done is 
introduce ,a "tracer" element ix in the form of a topic or a problem, that^co; 
"fronts" the children in lessors, and in peer /work' situations , and in tutorials, 
and in clubs. The topic or" problem .can serve as a. trace of ^£he task being 
sertrcl.ied for, ar-; it appears in different guises, ly^der- d±f£<£rent constraints, 
in different settings, and. as it *e voices different bej*wiqrs from varylpg par- 
tic ipant;;. V7e can locate recurring situations wfrfere a. goal x ^an he isolated 
/(that is, we can identity it via its relation to tine tracer) .an^the interac- 
tions of that goal with other' co-occurpirig goals can' be studied. Behaving a 



tracer element, we have a clea^r chance to see What is .varying; we t-rxn see 
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\V.r,< the. : r t 2Hcnrc:har/toacber/c] ub leader's plans concerning -the task are 

tr,ufr»f oYmed ' to ' cfcicU^rttK' taf'.k or tasks that LUc participant* perform. Some.- 

of:* th,« problems revealed %y our earlier attempt, to Look at children scorn "to be 
. resolvable urlin& this technique. 

: * ! 

Assista nce f i!om K ducat ion al Research . 

■ If our tracers work, then Vie will have engineered the ^pearaaee of the 
"same 11 * behavior (or at. least "same in "some respe^^'T^in a variety of dif- 

* ferently organized events . But .what we^wJJ^-^nee^i , in order to see if we have 

* boon successful, is somett^^ to the other aspect -:f the cogni- 
tive psychologist 'jjj^or^: that is, we need a way to identify what' is to be 
counted as^relevant- for analyses of how performance on one occasion ("in one 
s^tfr^ is related to performance on another .occasion..* fhe 

construction of the' higfily constrained task* settings produce , in effect, a 

r - - \ • 

. ■ t * ■ 

coding System for" the psychologist ; we need the same efffect in order to 

analyze- the ."Jehavlors in our less constrained and more varied task settings* 

In educational research, there is a history, of concern with this issue. The 

'pr •^gji-product paradigm in educational research Ivvs developed as a way to 

WuRtigafee how the conduct of teaching sessions (i.e. the prqco&ses involved - 

in education) .are related to what the sttidents end up ^knowing (i.e. the^pro- v . 

ducts, of education). " . ■. " 

. * 

s\)mG "problems in the procoss-prodVic t^ paradigm have been discussed in 
detail elsewhere (Koehler, . 1979; Soar and Soar, 1 976; 'Fenstermacher , 1.97 8; ^ 
B^rich t\t al., 1973). Several Inter-reVatcd problems arise- in connection with 
the product nonr.urc, the test.- First are the difficulties of *the sort we have" ■ 
already referred to: The non-random ^errors that can' be argued t to .occur * in 

*" 

'. ^ 
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psycholog ical cxpur iwents can alpo bt?. Pound in tests ; the close relationship 

. t> v 
of/tests and scho/l tasks leave # ua with the. prob] e:r.y we encounter in our work 



on the cognitive coiuy-jqucMic.?.'? :>f education. 



^^ir-qrrrrtTl em, central to our general line of .work, is that the reli- 
ance on product: measures of ton includes an implication that what is measured 
(cogTi^t:iye -Icsvcsl", academic skill) is an entity apart from its use. An analogy 

is in order: n tape" measure can be used to determine whether two pieces of 

• ■ . ' - . ■ • 

wire are of equal length. Say that one -piece of wire is hair thin tungsten, 
the othcii: is coiled nichrotne. While there is a standard somewhere, a theory . • ' 
; of tapv measures and of the materials tape measures are made of 5 > that will 
■ t«*1 1 us that thy measure is adequate or to what, degree it might vary over 
occasions of use, this theory may not be sufficient for all purposes. In fac-t 

'one must decide what length m means .for tungsten and for nichrome (how much 

? s ■ \ 

stretching or uncoiling is valid) in order to use the measure at, all and one 

. must decide this in relation .to the use to which the lengths of wite will be 

put. iength, like cognitive .develops mv. or academic skills, is as much the 

product of an occasion of use of- a measure as it is of *the measurement's 

measuring theory; . and length , like cognitive development or academic skill is 

related to the hoc to -which it is put* outside of 1 the: measuring- environment. A 

pfrod'ue't measure used in educational Research may in fact vary with respect to 

how ftencrnlistablc it is to other contexts Adhere the skills measured might .be.' - ■ 

used and may also vary related to, differences among the children. Fo.r, some 

children it may elicit t1i£ highest performance they- have ever had available to 

♦ ♦ » ■ * 

. them, Tor others tt^may elicit the lowqst. \ : < 
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A r-.Ln.-n.. problem with the prottess-sprodftc: t research , fr*>*n our point of 
vjftw, is v thai, tin: paradigm a»»U!ao.n. that the, chll droiv' s Cognitive or academic 
"skill canaiL b& measured til JLltlii ,ult tki $ ■ «saiinptl"in ,file$f in the face ^of 
what the classroom teacher doos , everyday . (Cf. - Mchrin, 1979; Cassden ,^l;977;.«> 
Griffin and Humphrey, 1973)* In ufHect*, process-product studies write off the 
chance to answer teachers' need * to -know- hdv' to work with the evaluation, 
aspects of dally .instructional encounters: to. what degree and how can you •f ind", 
out whera a child is (and gets to be), during the; day or a 'unit; what kinds of 
inferences feout: caldron's capabilities in what' situations^ are warranted and 
what kinds of situational variation ..in displays of competent? la one likely to 
encounter? , r ^ 

In spite of these uncertainties," our research has much to gain from an 
examination of work carried out in the process-product' paradigm. The 
strengths of the paradigm include: (1) reliance on observable behavior in 
naturalistic settings as data, i.e., non-test tasks are considered (2) treat/ 

ment of at least some of the environmental variations (e.^., teacher 

■ jf '. ■ / * 

behaviors , time ori task) related to children' s 'behaviors 5 and (3)^ an interest 

• ./ 

in different Lai ly evaluating performances by various children and/or from 

various settings. A great many dif Cerent kinds of process measure's/ have been 

' ' " ' ' ' • ■ . // " "/ . 

developed that reflet these strengths.' Process 'measures character!^ what 

k . ' s -/ / ■ 

goc-s oh in educational set tings , of tan by categorizing the kinds of questions 

■' •■■ -5 v. V-'* ■ ' • ■ / • . 

. 21 <-' . ' 

teachers ask and the kinds of responses sjiildren , provide. . * 



21. Elsewhere (D'Andraclc, 1974; ttorich at al.,1978; Griffin and - Mehan,. 1979> 
there are extensive discussions of the problems that arise iuf many coding sysr 
t^ms^of these typt:s. • 
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Wc ar;/int.erxn;U-!d in *s*so tn^. h:>v:.mueh-.f "nVthei: we can stretch the* -coding 
/ f ■ - " ■ 

.syntem-; that fierce as process measures, to see if they can meet our needs. 

With our "tracers" \*e have a chance to locate tasks (and "samel tasks in - dif- 

, " > / ~ • ° " 

forently organized" settings) Our question is* whether existing coding systems 
ca(\ help -us locate differences in the achievement of children, and among chil- 

/•••".-' 

drcn, and perhaps differences in the tasks the chi^UUrdn encounter as the t&sks 

v '. * ' ■■ ■ ....... " 

that we present to the children are operated on by. the varyin^contextual con- 

straints. ..In stair t, we want to know if existing measures .can ; (or can be 

adapted to)" show 1 when children, appear to bo more and less smart as well, as 

when .their work appears to.bea easier , when harder. . . ^ 

Wje have. chosen two coding systems to- illustrate the kinds of variations 

that can be not ed and the Vinds tff problems encountered' when the systems are - 

used. Stallings' f system developed for the Follow Through evaluation project 

is the f irst example (St/llings, 1 973 ) ;^the second is Blank's systpm which has 

been both for studies ,6f children and studies of lesson appropriateness (Blank. 

• ' 

^ct al.,1978). . Bith« systems have been applied to one of our lessons from a 

unit, the topic of 7 which' was cultural variations among six groups of Native 

/f ' 4 

* - / • 

Americans. The' . lesson we chose is 'a; good candidate fpr this purpose because 

of the variations noticeable. 1 If was conducted as' 'al small group lesson ;'with a 

teacher and five children. VJUhirj-. the /esson. the participants make overt 
• * . • 

mention <>f how much some- of the. children know, and they also notice negatively 
the performance of another child- »■ Furtlhembre y the lesson has clear cut 
phases n B r episode that serve as mini-contexts in wtiich the "samV task"' can 
reoccur. Wc coded ten phases: 'phase 1 — getting organized; Phase 2 -7 



Kv.r.rl • - NIE-G-73-01 4 59 

, 103 

rc ;i,.,;5;,:; the unit without visual aid,;; Phase 3 --reviewing by reading from a 
fill*!.! in* r.l;v;-L; Pha^o 'A - — reviewing, char ac to. r is tics of bniids and tribes 
,r:i7orr.:l in detail the day beCoroj Plnse 5 -r e / Lewi \\* the concept of states, 
c'viiiv' a' weele, a*o; Phase G , --gett hv : j organized for role play regarding the 
character Lstvics of sUte^^Phaou fiA --thy role playing which ' we o-ni t from 
corrsLderation hgre)'} Phase 7 7-drawing conclusions about the characteristics 
of states; Phase 8 —review -by filling in a partially empty chart; Phase 9 . — 
discussion of various * forms of ^ social organization that occur m in the 
children's daily lives; Phase 10 —minimally supervised shoty matching' item 
test. We will concentrafa on what the two coding systems can reveal about 
two of the child participants in this lesson, Chuck and Angelica. 

Stallings' Five Minute Observation system (Stallings, 1977) while clearly 
descended from Flanders' . scale (Flanders, 19 70) differs from it by taking 
individual children .as the unit of analysis rather than the whole class. Each 
turn in the lesson discourse is coded separately. Speakers and addressees are 
codec 7 for every utterance in Who and To Whom categories; a How category, cap- 
turJh^ basically emotive a«pact«, is optionally coded and proved difficult for 
us to apply consistently to our vidW- taped data^ Most important for our pur- 
poses are the What, categories tliat classify each turn according to^:he kind of 
task that is involved. There are thirteen classifications altogether; three 
levels 'n. 'questions are JncludojJ^ 

Coda 1 asks for a .response free of argument or speculation. 
There is one expected, acceptable response that is to be carried 
out, verbally or non-verbal ly. .. [e .g .] "Draw a lino" 

Code 1Q questions elicit the following responses: statements of 
preference/ statements* .of fact, itemizing, classifying and " 
definitions.. . [e.g.] "If. you had two pears and three apples, what 
would you have five of?" 



lU3 
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• Code 2 questions encourage, responses that require: interpreting 
idea*, cairn? and 'e£ Fe:: t establishing relat ionsh ips , making comparis- 
' o:is, n.'-L-Ti!: f ng ? appl yiug previously learned materials to a new ^ 
sj t i and describing a process ... [e.g.] "Tell me hov? an electric 
, trr.Lf-i w;-.-i:r?" (St/d LJns«,l 977:269) ' f . 

Tiir* other V jiat codes Include differentiations among responses, non-responses , 

informative ?3tateinontR and evaluative statements. We adapted Stalling^ system 

by cruutin" an additional code? t> dis t languish among correct, incorrect and 

irrelevant turns. VJe .also added a dimension- to the cumulative scoring system 

so that: wo could notice variations occurring * am on 3* the lesson' s ten . phases?.. 

* ," . r » ' 

The coding provide « pictures of: Chuck and Angelica, the two children that 
wc are focusing on, that are best described in terms of their similarities and 

differences. Stallings' code V7ithout,our adaptation shows striking similari- 

- , ttf - 

ties between, the children: neither asks open-ended questions or fails to 

respond;! they .respond about the same number of times; the teacher asks each of 
the children about: the same number of quest Lons , and only one of her questions 
addressed to each child *ls a higher level question (category 2). Most of the 
responses given by both children are to questions that are not specifically 
addvrtsscd to them. Angelica makes more requests and issues more evaluations 
than Chuck. The teacher accepts and praises Chuck 10 times, while only 
accepting and praising Angelica 5 times. By using our adaptations, we can 
display an interesting difference: Chuck, is correct for 70% of his 34 
responses* Angelica is correct for* Only 46% of her 37 responses. 

1 ■ - ... 

By looking at the' ten different phases in the lesson, we can see ' chat 

Chuck nives more of his correct answers during the discussion, Phase 9, than 

anywhere else ; Angel ica gives as many to her peers in the mini-test as she 

gives; to the teacher in the .discussion. During Phase 7, drawing conclusions 
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tv.Lh chiKVan }-.ive C Lvc c->r re.~. I: ri?:>p .m:;e<; , but An«e] ten also gives five other • 

ri v;p; M , :! .';; 5 L; Chyuk''c one. In general , the unifications seem to work -and 

Sl.al i. i.iiv,:;' co:lh.» sy^Lwn seems to capture & one of tluys Ltuat '.tonal variation as 

well as making a differentiation between a moi;e competent Chuck and a less 

competent An;\el. "tea • . . * , 

, **° 

There is on/ clear problem, in principle, related* to the use of a system 
like this that is peculiar to the. -nature of turn taking in a' small group 
situation. As it happened, only one higher level "open question 11 was specifi- 
cally •addressed' to each, child. This should not be understood to rfiean that 
there was only, one respond by each child to a "higher" level question. .In 
fact the <■ preponderance of the teacher's questions in , the - lesson were Code 2. 
Notice further that one of the ways that: small groups differ from large* gro,up 
lessons is in the potential- for questions being on the floor without th^ 
answer- turn having been allocated by the teacher to a particular child. (Cf . 
Griffin chid Humphrey, 1978; Malum, 1979 for discussions^ of the strict 'turn 
allocation procedures that work in keeping large group lessons together.) In 
dyads? the addressee is specified automatically.. But in small groups, the 
turn-allocation machinery is not called upon as regularly as it is in large 
groups and there is no automatic indication of jrtio should answer, questions -as 
' there is in tutorial dyads. On many occasions in small' groups, children" can 
self-select to answer. However , in. a system l ike S tailings, '.the only way to. 
derive that a child has answered a question of a particular type or at a par- 
ticular level is to locate the child's- name in the To Whom category for ques- 
tions of that type. Hence, when questions are addressed to ^ members of the 
group at large, and Chuck or Angelica answer, we have no way of noticing the 
level of the question they are responding to. The nature of. small- group 



Final Report ' NIR-G-78-0159 

111 

\ 

coiiVtiiKPCHr.Lon pro'.:e- 3*:.s and' the nature --.if this -kind 'of coding system make sys- 
to-oat. i c.i I i.y nn.v/.'i Uabl e for u\\ ilysis a reliable . iissesssaent of how hard the 
quar.;L J.-.mi s woi.v th-'it tbu children were an storing or' failing to answer. Although 
the system .is handy for on the spot coding, there is no adaptation that we can 
imagine: thul wnuld ovevc •>.?.?■? this difficulty in using the Stalling*/ system for 
our purposes. ■ % - * 

ftlank's system, specifically concerned with the issue of how "hard" or 
"easy" the demands on the child are, can he exj&cted.to avoid such a problem. 
(Blank, 1977; Blank et al . , 1978). The system, designed for use 'With pre- school 
children's ..language, codes the- speaker 6n two levels; one is the social role, 
e.g., Teacher vs Child; the. other is the conversational role, e.g., initiator 
of an exchange vs "respoiider . s.'lnitiator'-s utterances are also coded on two 
levels: First, a determination is made about whether the utterance puts - an 
explicit demand on the responder to respond; if so, it is an Obl ige, if not it 
is a Couur^ntr. Second, each Oblige and Comment is coded for a level ranging 
from / (in the order given) less ^io -no re 1 -" abs tract , viz*: Matching Pegceptioa 
(bevel 1); Selec t :i.v e Analysis of Perception (Level 2); Reorder ing Per ception 
(Level 3) ", and Reason liy{ " a bout Perfection (Level 4). (See Blank et 
al 1978: 8-21 ) .Blank describes an underlying model of cognition and language 
that assumes that acquiring language is a matter of mapping from* one 'represen- 
tationat system (the child's conceptual notions) into the. language system* 
Thus, an account is - "provided for the ordering of the -levels which "reflect 
increasing distance between the perceptual style with which the children 1 view 
the world and the language that they apply, to these .perceptions . 11 (Blank et 
al., V 1973:15) An additional hierarchy .( from Fully ^equate to No. Response) is 
provided for- coding the utterances of the Responder. • t • 

' : . - 112 • 
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Our adaptations *Por using the system with older children, followed, from 
suggest.! o, is made- by IV) nnk. Sin:- speculated, that no Interesting differentiations 
would be shown between talks' at Level 1 and those at Level 2 for older chil- 
dren, and that the interesting differences would be between Level 3 tnd Level . 
A tar;!;-, V. 7 e therefore decided to adapt the Level 1 and Level 2 codes to cap- 
ture particular aspects* of our videotaped lessons that seemed tfy require spe- 
cial treatment. Our first adaptation was to code as Level 1 3ny utterances to* 
which an adequate response could be made based on what was available in writ- 
ing or pictures at the time 'jf the expected response, regardless of what level , 

the utterance could have been assigned on other grounds. We suspected that the 

** 

presence of these kinds of environmental supports in a third/ fourth grade 

■ * 

classroom should lower the difficulty level of the task. This tactic is rea~ * 
sonable given the: matching aspect of our -special Level 4 ' s , and - ty-e matching 
aspect of Blank's original Level 1 code. Qur second adaptation was to distin- 
guish as* a special, category those utterances that are related to the* elements- 
of the domain that had been drilled in the lesson just prior to the lesson 
tvtng coded* Such utterances were coded at Level 2.. Again, this adjustment 
seems defensible: these special 2's set up a demand for the selective analysis 
of' the previously drilled materials analogous to the original level 2's* Our 
third adaptation was a direct recommend at: Lou by Blank, the establishment of an 
IllliS category for. exceptionally good, relevantly elaborated 
responses. . • ^ 

This, coding system shows few similar -It lop between Chuck and. Angelica; the 
.differences between, the children are most striking. The teacher asks Chuck 
more questions than he asks Angelica: 86% of Chuck's codable units *are ques- 
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tiona from .the. teacher: "(22) while aaly 3'4% of Angelica's are questions fr'om 

tilts teacher (15). Only. 9-i of Chuck' $ .units are repetitions, while 28% of 

An;.',ol lea's nroV Ch»ck'l; V vrnVetiti^a in answer- to a question occurs at level 4; 

Angelica repeats In ✓responses aft levels 1, 2 and 3. ■ The only indication of % . 

Air-;elHcn baing higher than Chuck, is 'that she issues two level 4 comments whil£ 

he- issues none*." Til , general. ] the picture of 'Angelica* is- one of a ch'j.ld less 

nd/np.ceJ than Chuck and the fact .that, she perform? adequately in response to 

only hit of bhe obliges* she engages, in . deepens the' contrasts with Chuck vzho is 
i 

r • 

adtMJuate o1Z of the time."' . - 5 

However, there .is an evea nore interesting contrast. Chuck' s , adequacy 
decreases gradu ll-y as he is asked higher level questions (from 100% aL.level 
1 to 89;i to 80?; t:> 50Z at level 4)* Chuck is- a model child for Blank's notion 
of levels/ .Angelica, on the .other hand is almost directly opposite: at level 
1, she gets only 33% correct, she clinibs to 50^ at level 2, to 43% at ievel 3 
.and is ■ correct the one time she/ is asked a level 4 question. Angelica seems* 
to behave contrary to Blank's expectations. \^ 

" An examination of how this coding system operates in. the. different mini- 
contents related to the phases ■ of the lesson as described above shows an 
Interesting relationship between Blank's level of difficulty and the phases in 
this lesson. Twice the. phases progress in. level of difficulty in a way that 
fits Blank's notion of the progression'; that should take place in lessons: The 
teacher asks only level 1, obliges, in Phase III, only level 2 obliges in Phase 
IV and. only level 3 obliges in Phase V. A similar .progression occurs:, after 
the -getting organized phase: Phase VI IF has only level 2 obliges and 'Phase' IX 
starts v/ith level 3 and goes on to level 4 obliges. It seems that Blank's 

114 > ' • ' : . 
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nor. ion of levels redundantly specifics the phases of ,tttis lesson. 

J 

Oveir.ijl, Blank's system seems to be an 'inter eat Lag base, for our. work: _ and 

amenable to adaptations related to tlie "mini-contexts" of a lesson and to the 

specific** of ' the lesson topic. However , the problem with Angelica poiift^ to a 

major concern. Children like /Chuck n fiL M ' the ass captions underlying the work. 

Children like Angelica do not "fit" the Assumptions. One of the- phases. Phase 
• * 

7, i.q nl?50 ochl . — It is not a part of the lesson's progressions in difficulty ; 
hi fact, it does not .have a consistent level of .difficulty like the othejr_ 
phases do. The system could allow us to" draw a conclusion that the differ- 
ences are quantitative (less developed child, inadequate teaching) rather 
than qualitative .(Angelica and Phase 7 have , a different, perhaps moire compli- 
cated, relationship to level of difficulty and demonstration of strengths and 
weaknesses than the relationship that other peopVe and/or situations 'have) . 
The way that Angelica and- Phase 7 diverge from the norm" of Mank'-s system are 
related to the wgy" they, are inadequately accounted for in the theories (folk 
and forn.nl) of education, cog nit lor and discourse , J.:hat interact with the sys-; 
ttfn in various ways.. Angelica is from a Sp'anish speaking background and has 
■bi-.on using English for "dnly. a few years. Phase 7 calls, for .some mixture of 
what might he' called convergent and divergent thinking. The demands on 
theories to respond to these? kinds of Variations have not been met adequately 
by theories available to^.ank, or.:to*us — which brings, us full circle to the 
general v/otk of our group. ■ . v 
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There ,'it\' tw:» u/'iieral problem V7.i.t.h« coding systems for educational talk 

nn:1 i t r-iV.?j tint bear an' # interesting relationship to the problems tti;jt\we 

cac'uml in our earlier attempt to locate .cognitive tasks in' the clubs, 

• T\v:. i'ir«t v/e ?ihnil call th* point of/contro'J problem* 

' r 

»- , 

Mors!: coding syc; terns assume- that there is a pVtnt of cjontrol standardly 

loca table 'and that the category cc vhi^h H;/< control utterance is assigned 
affect?; the categorization or understand in-, of ul. terances. which it. controls* 
For example, most, coding v-yatwas de-rive the cognitive level category of a 
"child's response from the cognitive level category of the adult's question. 
We know enough about teachers'^ differential expectations of ' children and about 
the chance of these being evident in teachers' questioning behaviors (Cherry- 
Wilkinson, 1978) to suspect that using the teacher^ s question as a way to 
-^describe the- cognitive level, of the child respondent will systematically dis- 
tort the data, "Some children will be pictured v;Lth inflated levels an'd others 
will be underestimated. We may have a better picture of the teacher's expecT 
tations than of the children's capabilities/ While we do not dispute ,that the 
teacher and teacher questions have a lot to do with constraining the * tasks 
that children perform in classrooms, (and that the academic' or cognitive tasks 
that are our primary concern are very heavily influenced by the teacher) , we 
must not ignore the facts that more khan teacher questions can be involved' in 

specifying the tasks the children undertake and that teacher questions do 

. . t ... 

other things beside specif ying* tasks • . 

-118 
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Me are here in the opposite corner' from the one our earlier look at cTii-1- 
\ dren in varied settings had painted us into. Theift/ ws ware concerned because 
the multiple goals in the settings made it too hard to see thy kinds of cogni- 
tive tasks that could be seen in the engineered system o£ the. experimental 
setting* We moved to a solution of that problem by specif ying tracer' elements, 
that would let vis highlight certain goals in our settings. Now,., if we use 
coding systems that aiward 'control of our understanding of the child's., perfo^r-. 
mance to some preceding questipn, we will find ourselves ass.uming ''away the 
issue of multiple goals and how they interact. We have planted task?' so that 
•the children's behaviors that we capture on video tape will -be £ little bit 
more comparable with , the experimental subject' s , behaviors ; the tasks are cul- 
tivated " in the richly varied real world of the children; we cannot afford', to 

-.have, an analytic tool that works by looking for seeds. 

? . - ' • 

The seconc| general problem with many coding systems is related to the 
sequential nature, of discourse.- The best illustration of it is -commonly 
available by no ticing one of the best indicators of 'an easy task: children 
raising their hands >■ shouting for a t^urn. In many lessons , including many of 
ours, there ds apoint close to an end boundary where everyone wants a turn. 
The same question i:« a different question by virtue of its placement in the 
sequential development of the lesson. In one instance, like in the chart used 
*"in the lesson described above ». Jth^re may be six slots to be filled and six 
fiftlcrs to use and so, of course, when five have been covered, the sixth is 
quite -easy. One need only attend to what hasn't been said. In other cir- 
cumstances, answering late may face the child witfi, a more difficult task 
because all of the "easy- 1 answers are used up. What has been said can make 
subsequent questions easier or harder or perhaps .even different than earlier 
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, quest ions. Testers and teachers and peers all use the sequential nature of 
discourse cents 't-j bs co-c:/n?/truc£orr< ' of an answer with the person who 
appears to be the primary performer. This point of view is adequa tely__ argued 
and demonstrated in the work of classroom* discourse analysts. But, in com- 
monly * used - coding systems, an utterance is categorized uniformly whenever it 

occurs; changes in the constraints on it occasioned by the situation in which 

■ ' * * «i . 

it *is embedded are disregarded. ' - " [ 

• . * 

Once again, we return to the problems we found in our earlier attempt to 

, locate cognitive tasks: the constraints on* behavior, differed so. radically from 

situation to situation tliat we found it difficult to** locate tasks. If the 

xoding system we use in analysis assumes away, the constraints imposed by the 

sequential nature of the discourse , then it may make it ^easier to locate 

tasks; but we hav^ little faitty that the tasks so located will be the tasks 

the" participants we're engaged in. We cannot afford to base our. analysis on 

"same 11 tasks that are the same prim ■ ily by fjiat of a coding system that 

\ - . 

ignores the influence of constraints operating on those tasks. 

We have no easy solution to the problems we have been pointing out. We 
are pretty confident that .there is no way to do .pn-li\ie coding of this kind of 
interaction that can capture the complexities we Have pointed v to, J \k\ are 

currently trying to figure out how much specif ir.ation , is possible using our 

r i .'-'_•.« 

video taped records, and our in dap£h^(via our planned tracers) understanding 
of- s.ome parts of the situations . that we tape. The research in psychology and 
education upon' which we are drawing , is 'impressive. \As withi-4Uie child ^ we men- 
tioned in the 'beginning we are struck by how much is known; but, as with the 
child, there are occasions when this knowledge fails to 'be displayed. Q ur *" ' 
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tack -is not unlik* the- pract icing teacher's: we try to understand what- under- ' 
•lie.", the success of this research , 'and what occasions the problems , land we- ido- 
^? it over and over in the hope that wc vr ill finally get it' right. ' ' 

Another Level of Analysis 

In the light of the critique developed above, it is apparent that ana- . 
lyses of classroom interact ional data have severe^ limitations . On ; the sub-' 
stnntive side, it appears "dif f icult »to make claims about chi '- 'etl who differ 
from the mainstream. On the methodological side, it appears difficult to 
integrate information based on talk exchanges with information important -to 
psychology and pedagogy- 'However, as we consider broader uriits of analysis, 
the picture changes in both respects., In this section, we will describe a 
• chanec that /'occurred ia. the course of the unit and an aspect of teacher-child 

■ ' . •"/' . ' " ' . . ' 

exchanges in lessons that ap^pthvos to b e implicated in the change. . 

After the first lesson- of the unit we had an amazing outcome: - the group 

4 , i - 

of children who represented .the lower achieving part of the class'scored 
better on a test than the children who represented the higher achievers . : By ^ 
the end of the unit, everyone was doing better than they had done initially • 
However, by the end of the. unit we had succeeded' in reca pitulating ■ the* 
,'a chieva ;r.Qnt order : the higher achievers were once again scoring better than 

. the lower group children. , In the course .of -three weeks, almost daily -lessons 
lasting about half and hour, ,we had a little microcosm of failure. In a 
sense, our unit was .even worse than tlie^real world : The children ' whom educa- 
tion failed to^help had started out not merely equal, hut" ahead, of, the chil- 

, dren who were school successes. Even so, the group, labeled .high, achievers 
regained their mo4re • successful position by the, end. of the unit. Like raj^realv 
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world, there way a disprop/jrl: ionato representation of children in the low 
group v;ho could'*- ho idanti f icd , an different from the mainstream in tei*ns of 
language and culture. . 

: • ' . • 

,' • ' 1 

i ■ 

Our analysis of this educational/instructional microcosm is simple: \ 

, - (1} The low group .children had to do an extra piece. 
■ of intellectual work in the course of the lessons- 

(2) The/'extra 11 -. work involved exchanging one conceptual 
organization of the domain for another, v • 

(3) . On ( the nominal task (the "basic" work), thef low, group 
children were impeded by a* very general and pervasive 
feature of classroom talk exchanges. 

The ^nominal *task of the unit was to master the following set of facts: 

The Dio.gueno people got their food by hunting and gathering; 
they governed themselves in .bands- and they moved their 
small families around. ■ .. 1 

H The Shoshoni people got th^ir food by hunting and. gathering; 

* they" governed themselves in bands and they moved their 
large multi-generational families around . 

.The Tewa 'people got their food by farming; they . governed 
themselves as tribes and they had permanent homes for their 
.large families. 

The Navaho people got their food by. .trade; they governed ■ 
themselves as a tribe and they moved their large families 
around. - 

' v ' 

The Natchez people got their food by farming* the^jgoverned 
* themselves as a state and they had permanent homes Jfor their 
large families. - / 

The Aztec people got their food, by trade and they governed 
themselves as a state and they had permanent homes for their 
small families. 

Multiple formats represented* the facts in the course of the un/it:\ narratives 
with visual aids, same-different exercises, problemA sowing, roic play, 

y. _ >- /^^[' t>1, o- 



question-answer sequences, workbooks. In each lesson, aUchaljt representing 
all the facts was used for review.. After each lesson, \ the i children took a 
test; They matched the .the ten blanks^ln a different ' chart\ with a list of 
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posniblo. answers • 

The noj'.lnnln;; of T.nst 'r' : 'clion, In the .first lesson, the Le.ac.her told 

sfcoribs about the groups of people using lint'* drawings (e.g. Figure. 2) as the 

'visual aids.- After tolling stories about fc^d- gathering among - tho Dlctguencr, 

the Shoshoni and tho Town, the teacher asked the children to lool^ at all three 

pictures and to find tviJ that were the same and one that was different* The . 

r • 

teaehci? focused the .discuss ion, &n, the two ways of getting food: .hunting 5and" 
• gathering in two of the pictures in contrast to the farming done by the Tewa. 
Each |£oup of people and each lexical term was presented in the same way. 
Following the eighteen ' narratives, pictures' and discussions, the teacher 
filled in the answers on the review pocket chart <Figure 3) . < Then the chil- 
dren took the first test .(Figure 4). . • 

The average number of correct answers for the children identified as low 
achievers was higher than, for the high group. Furthermore', no child , in the low 
group scored lower than the highest scoring chiJLd"in the high group... We had, 
achieved a crossover effect. 

v 

However, an examination* of the £est -papers revealed "an interesting 

difference * between the groups that: was not represented in the quan tity of 

correct answers. The incorrect answers are the key. High group, children 

ansverpct t incorrectly 'but' their .-answers were in the correc t ca tegory. If the 

*» - 

correct answer was "tr±b.e", their 0 wrong answers were ,! state ,! or "band." 9 I|pu 
startling contrast, the • low group children showed no constraints from the 
category on the ir incorrect? answers - T.f the correct answer was " tribe 11 their 
wrong answers were drawn from tlfe wh^le pool — they might answer 11 trade 11 ,;6r 
"moveable small" or "farming" or "permanent large"., . - \ 
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Figure 2. Tvo line drawings used in the Native Americans cycle. 
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Figure 3. Pocket chart used in the Native Americans cycle. 
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GROUP 



NAVAHG » 



NATCHEZ 



SHOSHONI 



AZTEC 



DIE GUENO 



TEW A 
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MOVEABLE 
LARGE 



PERMANENT 
LARGE 



MOVEABLE 
LARGE 



PERMANENT 
SMALL 



MOVEABLE 
SMALL 



PERMANENT 
LARGE 



FOOD 
GETTING 



TRADE 



FARM 



JUNT/ 
GATHER 



TRADE 



HUNT/ 
GATHER 



FARM 



GOVERNMENT 
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STATE 



' BAND 



STATE 



BAND 
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Pigure 4. Test format used in Native American cycle. 
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The Mid-point of Instruction , We continued with the -unit. In smaller 
groups, the children met with their teachers; reviewed the unit chart and 
undertook a diversity of activities. There were role play situations with lit- 
tie figures that exposed the crucial features \of social organization and gave 
more substance to the category as well as to the differences between bands, 
tribes and states. There was a problem solving situation where the children 
were given a tcfol used for obtaining or preparing food and the food item 
involved. They engaged in lively discussions and exhibitions of how hunters 
and gatherers obtained and prepared their food. The food-getting category 



also involved a lesson that tied in the childttsn's experiences with gardening 
and climates with the farming done by the Natchez and the Tewa. Another 
role-play situation was undertaken to enrich the children's notion. of trade to 
Include money — tokens of non-intrinsic value. The home category and the 
variables included in it were investigated .by groups of children without a 
teacher present as they worked on booklets that included drawings and stories 
to complete. . 

The End of Instruction . A final large group lesson brought all of the 
categories and variables back together again as the children were involved in 
a discussion of how* their lives were similar to and different from the lives 
of the Native American groins that they had been studying. Throughout this 
long series of lessons the children .had taken tests that were in the same for- 
mat, vthe sort of test that produced the "crossover" after the first lesson, 
^fter the final large group lesson, the children in the lowj\achieving group 
turned in test papers that* made it clear that they performed less well than 
the children in tjie high achieving group. However, even for the children who 
appeared to be "acting up"^ and not "taking the test seriously", an analysis of 
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the wrong answers no longer differentiated between the low and high achievers. 

All of the children were treating the categories like categories ; If the 

answer was supposed to be "tribe", the wrong answers were either "band" or 
\"state". 

Interpreting This " Aptitude X Instruction " Interaction . There are three 
ways to look at the differences in the way children changed between the first 
and the last tsst scores: 

1) The unit was successful. All of the children got 

/ more answers correct after the full unit than they 

■» * • 

did after the first lesson alone. 

% 

This analysis would draw only £n the difference in 

j/> ■ 

the total number of correct answers. 

2 ) The unit was only partially feujccessf ul because the 
- h igh achievers "got more" out of the instruction 

than the low achievers did. Although the high group • 

children didn't "get as much" out of the first lesson 

* • 

as the low group children, they "got more" by the 

'.. * 

end of the full unit. , . 

0 . 
This analysis would draw pn a "change" score based 
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on the number of correct .answers. 
3) The unit was only partly successful because the 

low achievers were ' "doing two things at once" in 

* * ■ ■ 

the course of. the unit; They were learning the 
correct associations just as the high group children 
were. They were also learning a different way to 
organize the domain. . - * 
This analysis draws on the literature on mental 
representation and on the contrasting pattern^hg 



of wrong answers. 



We think that all of the. above accounts can be considered true. Our initial 
job was to develop an explanation for the second sort of statement: How is it 
that high achievers "get more" out of an instructional unit than low achievers 
do, that is, how do the rich get richer? Part of the answer- is related to the 
third sort of an analysis: The lower group children start out doing a dif- 
ferent task , they learn to do the same task the high children are doing , and , 
at the same time , learn the specific content in the task . In the unofficial 
task, the extra one v the low group children achieved at a 100% level. In the 
official task, the specific content, they weren't quite so good, certainly not 
as good as the high group children* 
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The unofficial extra task brings up a contrast that is a mainstay in the 
psychological literature. Studies of memory and lexical organization have 
canonized a distinction among the ways that a set of items can be represented 
in the mind. On the one hand, elements can be related in a "story fashion, 
with the items developing a cohesive theme. When a domain is represented in 
this way, the terms that are used to describe it are: functional , or thematic, 
or relational . For example, "Dieguenos hunted rabbits and gathered acorns. 
Aztecs farmed with irrigation canals," would be an expression of a 
funfctional-relational-thematic representation of a subset of the cycle domain: 
Dieguenos 4- hunt and gather; Aztecs + 'farm. On the other hand, elements can 
be related in a chart-like fashion, with the items expressing hyper- and 
hypo-njncic relations. When a domain JLs represented this way, the terms that 
are used to describe it are: taxonomic , or cateRorical . "For example, Figure 3 
an J Figure ^ above would both) be expressions of a taxonomic-categprical 
representation of the cycle domain. Often, in the literature, it appears that 
children and people from non-Western societies represent domains in *a 
functional-relational-thematic way. and older people and those from Western 
technological societies represent domains in a categorical-taxonomi^ way (Cole 
and JJcribner, 1973). However, a variety of recent studies suggest that, some- 
thing other than a "developmental 11 interpretation should be put Qn^such find- 
ings. The materials used, the content domains studied, the elicitation frame 
the experimenter chooses — all appear to effect the conclusions one would 
draw about whether a group of subjects uses one type of representation or the 
other. In fact, the safest conclusion is probably that alm6st any subject 
could rely on either form of mental representation (LCHC, 1982; 1983) • 
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As we examine the differences in the wronfi answers that the children pro- 
vided on the tests, we see the relevance of these distinctions between concept 

* ■ 

types. First, consider the first test: The high group children answered with 
wrong answers from the right category while the low £ roup children's wrong 
answers had no such categorical interpretation. This suggests that the high 
group children were relying on the same categorical-taxonomic representation 
of the domain that we used for the visual aid charts and tests. We can ioake 
no such statement about the lx>w group children: It is not clear what represen- 
tation controlled their answers. It is clear that our categories did not con- 
trol them- Since, the first lesson relied on narratives and pictures, it is 
not implausible to say that thematic-functional-relational representations 
accounted* for their correct answers; k but there is no certain lesson to be 
learned from their incorrect answers. 

Nnxt consider the comparison of the performance of the low group children 
on the first and last test: Their wrong answers were just like the high 
group's on the last test; the wrong answers were* from the correct category; 
the children had changed over the course otf the unit. The children developed 
a categorical-taxonomic representation of the domain that constrained their 
answer choice, and it was ^ike the one that we presented. At the minimum we 
have evidence that the low group children undertook two tasks: learning the 
content of the domain and learning our representation of^it. Perhaps, too, the 
children changed from a functional-relational representation to a taxonomic- 
categorical . one. One conclusion to*draw from, this sort^of analysis is that 
the low group children^did a really excellent job because they did two pieces 
of intellectual work while the high group children only :did one. On the other 
hand, the low group children "did end up performing less well on the test 
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indicating that they didn't know as much about Native Americans as the high 
group children. It seems insufficient to /leave the matter by stating a 
defense about the great work the lower group children did. 

'* Classroom Discourse Support for Taxonom'ic Representations . Recent work 
on the structure of the talk exchanges V^essons can contribute to an expla- 
nation of how'the language used in classrooms gives more assistance to 
,learners with taxonomic representations than to those with functional- 
relational representations. One study (Griffin and Humphrey, 1978) provides a 
detailed, description of the treatment of children's answers in lessons. Their 
work accounts for the interactional records of lessons in a variety of class- 
room contexts (their own corpus from a highly successful private I school, ' 
Mehan's (1979) corpus from ah inner-city school, Sinclair and Coulthard's 
(1975) corpus from a British school). ' 

In lessons i much of the talk occurs in groups of three utterances: 

* . , . * / J 

1) Teacher initiates a topic in an incomplete 
way. often by using a question word that 

* 3 ... 

leaves out a part of the substance of the ' 
statement • 



2) A child or several children propose a completion 
of the topic, an answer. 

. % 

3) Teacher disposes of the child proposal, validating* 
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its functional completion of the, topic or 
invalidating it* 



Often, the three part sequence is called an ."Initiation, Response, Evaluation" 
sequence or a "Question, Answer, Feedback" sequence. Griffin and Hui/phrey 
focused on the Teacher's Evaluation (or Feedback) turn in a different/ way, 
showing the role that the turn had in constructing the content domain that 1 the 
lesson addressed. Rather than seeing i( .primarily as an evaluation /of the 
Child speaker, they- demonstrate that the third part of the/sequence aits as. a. 
gatekeeper for the content of the lesson. Unless a teacher goes into/ a lec- 
ture format, this gatekeeping turn is about the only 'thing that a tekcher can 

use to make sure that the proper information is available- for learning and 

f 
/ 

that improper content is removed. In essence, the three parts cari i>e seen as 

«• e * > - 

One assertion that is collaboratively constructed by the teacher and the 

• * . 

child. Griffin 1 and Humphrey found clear patterns amidst the varying expres- 

• "a 

sions of the third, gatekeeping, turn. As expected, a major line can be drawn 

between the group of ways that "correct" answer are treated and the group of 

■ < ... ... 

ways that "incorrect answers" are treated. That is f the variants in th* third 
turn can be clearly identified in terms of polarity: Each variant occurs only 
as g, positive or only as a negative. 

Of interest here are the ways that wrong answers are treated. In par tic- 
ular, suppose the, sequience is as follows: 

Teacher? How did the Dieguenos get. their food,? 
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Child: They farmed. 



Teacher: ????????? 



The child's answer is wrong. Because this is an educational conversation, 
somehow the discourse has to remove the wrong answer and get, the right answer 
into the lesson. There is an overwhelming preference , for a child speaker" to 
supply the right answer; that is, seldom does the following occur as a third 
P art * 

* * '. " 

Teacher: No. They hunted and gathered. ^ 

Instead, one of the following techniques is used: 

• . '• . 

1) Third turn occurs overtly. Then the teacher asks the * 

' . . / « ' 

question again, usually addressing another child. 

a) Simple negative (e.g. "Not quite.") , 

b) Implicated negative (e.g. "That was a very good try. 11 ) 



2) Third turn is covertly accomplished by a sequence of ) 
acts that the teacher initiates: « ' ^ - 

a) Ask the same child the same question. ' 



(e.g. "The Diegeunos got their food by 
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Ask another child the same question.* 
(e.g. "Renee, how did they get their food?") 
Initiate a side sequence' tlikt will return 

to the same question. 

•j - * ' . * 

(e.g. "What are the other ways to get food that we 
have been thinking about?" 
(Child: Hunt and gather and uh...) 
"Right, trading with money and hunting 
and gathering. Now they didn^t have money 

and did they stay.- in one place so they 

// 

could farm the land?"'* 
(Child: No, they moved around.) 
"So, if they couldn't trade and they couldn't 

farm, how did the Diegueno get their food?" 

or 

*. _^ - ■ • 

"Do you remember the picture of the women* 

making those beautiful baskets? 11 

\ >• •• ' 

( Child r Yeah.) 
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M And do you remember those nets the Dieguenos 
had, too?" 

* , i 

(Child: Yeah, for catching rabbits.) 
"Yeah, tKey himted rabbits. How did the 
. l/iegueno get tfceir food?" 

», • T 

■»» * ' 

d)< Ask a Question whose answer implies that the 
previous, answer could not* be correjcfc. 
(e.g. "Did they get their acorns by farming?"' 



In effect, -these pro 



ceduresb" 



erase" the incorrect answer and provide a plaqe 



for the correct answer to go. Classroom lessons are quite nicely designed: 

Teachers present information content in lessonp; Teachers o#» young children 

^ • ■ ' li ' 

seldom deliver lectures to them; The three part units alloy the teacher and ■ 

" j| 
the children to collaborate in constructing the information Content; Part of 

the construction team, the children, are in the lesson $resun^ably because they 

don't know the information that they are collaborating/ti> construct, so they 

make mistakes; The three part unit has ^ built-^Tr|tair procedure in the 

teacher's last turn so that incorrect information cajy ]t/e|| replaced with the 

right answers. 

iry I 

iJ . t 

Education is not merely constructing lessors; it is. al so children master- . 
ing content. One is not subordinated to the other. Withir 
Native American' Indian cycle, the chancea^that; a child wil 
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the lessons in l t>ur 
come up with the 



A 



Pinal Report « . - . NIE-G-78-0159 

corretet answer after a wrong answer has been offered are related to the kind 
of domain representation the child is working with.. In the case of the chil- 
dren from the high achievement group who shared our taxonomical-categorical 
representation of the domain, any treatment of the wrong answer ("farming") 
left them with a 50-50 chance of being right with their next proposal. There 
were only three alternatives in the category, and their responses ' were con- 
strained by the category. In contrast, the children who are not working with 
a taxonomic representation, get help to constrain their next proposal ' from 
only one of the six ways used to treat an incorrect answer,. If ihe teacher 
uses either of the kinds of overt negative gatekeeping, children like-those in 
our low group have 9 possible answers left to choose among. The chance -of 
being correct on a next proposal to replace the wrong answet are quite slim, 
.If the teacher uses anything but the side-sequence treatment of a wrong 
answer, the discourse gives children working with a categorical representation 
an n.f/antage over the children working with som e other representation of the 
domain. The side sequence ' treatment does not reverse the situation, but it 
can even things up. It provides the opportunity for the teacher to provide 
more constraints on the answer choice than the domain representation does. As 
the. teacher inserts a few more three part units and builds* a little extra 
information with the child, it may appear that the group is "of f topic" . How- 
ever, when the sequence ends back where it started, the extra talk can be seen 
as adding more constraints to the answer choice of the initial question. Con-, 
sidering a child'* next proposed answer for the original question, the chances 
for it being a correct answer are increased.. (In the examples above, in 2fc, 
the first example appears to rely on the categorical representation, and the 
second on some more .narrative representation.) 
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The box score is surprisingly lopsided. If the name of the game is having 

the classroom discourse support the student, then the high achievers who start 

out with a taxonomy win, with 6 supporting discourse moves, as compared to the 

low achievers who only score with 1 discourse move. The way that these small 

structures of discourse x«late to the larger ^structure of the domain mirrors 

the content achievement discrepancy in our data. One answer to how the rich 

get richer in classrooms appears to be that the discourse of lessons gives 

them extra support. In order to work effectively in the classroom on this 

sort of a domain, it makes sense for the low achieving children to switch to a 

taxonomic-categorical organizational structure by the end of the unit/ 

* • 

Academic Content Support for Taxonomic' Representations A set of questions 
are raised by the preceding observed preference of classroom discourse for 
taxonomical representations of a domain: If the . information content of a unit 
of lessons is represented with a functional-relational organizational struc- 
ture, would our low achieving children who appeared to start out with such an 
organizational structure maintain their advantage^ throughout the whole unit? 
And, would the high achieving children demonstrate the ability to switch the 
organizational structures that constrained their answers? And, would the 
language used in the classroom, show a marked preference for the side sequence 
treatment of wrong answers as the* technique that supports a non-taxonomic 
representation? v 

We attempted to find a topic for a cycle that would provide us with the 
appropriate test case. We wanted to design a cycle where a taxonomic represen- 
tation , might be devised, but where it would be clearly inferior to a 

* ' 4*& - 

functional- relational organization of the domain that the unit teaching would 

■ ' 7 
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support. Whichever topic we investigated, it turned out wrong. Menu, plan- 
ning, for instance, turned into the categories known as the seven basic food 
groups. Kinship systems in anthropology may have fit the bill, but couldn't 
be rationalized as educationally relevant in the classroom for. the children. 

As the search continues It becomes very clear that e the topics in educa- 
tion are more suited to taxonomic representation. The topics the discourse 
structure and our high achieving children all favor that mode of organization. 
Whij.e we could not find the test case t'6 axisw&J our questions, we found 
instead the same difficulty that the low achieving children found in our cyc^e 
of lessons: what our society considers .appropriate for education does not 
favor a functional-relational organization of .domains'. 

In this work we found a way in which psychological^ categories, language 
use structures and educational achievement discrepancies could be related* We 
have not arrived at a clear answer about how this integration can be used to 
ameliorate the situation. On the basis of our cross-cultural work and histor- 
leal assessments of literacy and Its world impact, we can relate the events in 
this- small unit In this one classroom to 1 a ^inore general Issue: the taxonomic 
mode is central to the technologies upon which the modern world prides itself 



/ - 



(Goody , 1977) . . 1 ../. 
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K - CHAPTER At 
LEARNING AND ASSESSMENT 



One of the tasks off teacher is to assess , the pupils' progress so she 
can gear instruction to. their level of mastery. This assessment of ten takes 
place during the course ofHLnteractive teaching CShavelson & *Stern> 1981). 
For example, through the dse, 6f a stimulated recall Interview procedure, 
McNair (1978-1979) showed that the largest number of the decision points in a 
teacher's interactive teaching ,are motivated by concerns a§ out whether the 
pupils are learning "the lesson material. But as Wallen (n.d ? ) shows in his 
survey of elementary level methods texts, methods for interactive assessment 
are seldom treated explicitly in teacher training. Instead they are generally 
left to practical experience and apprenticeship. This paper suggests one 
source of information about children's learning which is systematically avail- 
able to teachers in interaction with children. Thr^ugh^ the analysis of a set 
of fourth grade science lessons, , we illustrate a model olf assessment and" dis- 
cuss the limitations on its effectiveness. 

Neither psychological nor educational ' research has iddressed the question 
of how .interactive assessments can be accomplished. The raodel of assessment 
in experimental psychology is the laboratory task in which the subject is iso- 
lated from interactions with others. But in classroL activities , interac- 
tions .with others is the norm rather than the exception/ thus presenting seri- 
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ous problems ,for this model (Newman, Griffin & Cole, in, press). The 
process/product model of educational research explicitly distinguishes between 
the teaching process and the pupil's competence at the completion of the pro- 
cess, it has not typically looked for ways to assess the pupil's progress 
during the course of the teaching process* 

. What is needed in order to observe and study the in situ process of 
assessment? The first requirement is an analyses of the task as "the teacher 
understands it on line.' Here we need to treat the teacher as an informant so 

that , "for ^ example, we do not attempt to measure changes in behavior that are 

• i 

too subtle to be noticeable while teaching. 

The second requirement is that we consider in what ways children change 
while interacting with the teacher. Here is where we must formulate a model 
of assessment that does not make the usual assumptions of psychological, and 
educational research. . ■ ° 

.In the usual model of assessment, children's competence is measured by 
their y individual performance on a criteria! task. Change over time is seen as 
an increase in the performance measure. For our purpose, a useful alternative 
is provided by Vygotsky (1978). Vygotsky's theory contains an Important idea 
which can be summarized as follows. In sharp contrast to this standard view, 
Vygotsky has given us a way 6f understanding children's competence* as an 
expression of how they interact with others. Children are able to do many 

\ ■ 

things while obtaining support "from others that they could not do if left 
entirely on their own. As the^child learns, he is able to do more and more of 
the task on his own. One way to tell how "competent" a child is, if we take 
this view of learning, is to gauge how much help tjxe child needs in order to 
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complete the task. Instead of just giving children the task and measuring how 
well they do or how badly they fail, we can give children the task and then 
observe how much and what kind of help they need in order to complete the task 
successfully. This model of learning as the progressive internalization of 
outside help has important Implications for testing (Brown & Ferrara, in 
press) . When applied to testing, the Idea is often * called "dynamic assess- 
meat" (Feuerstein, 1979). We believe that this process of progressively 
^removing support is. aTso an important method by which teachers assess their 
students' progress while they are teaching a lesson. 

* " .... P 

* ■ Analysis of a Fdurth-Grade Lesson 



We can illustrate the strengths and weaknessea of this in situ process of 

r 

assessment with an analysis of a set of lessons we videotaped during a 
research project concerned with the assessment of cognition t in nonlaboratory 
settings (Newman, Griffin & Cole, r in press; Griffin, Cole & Nev^an, 1982)e 

Since our model of this process focuses on decrements in the amount of 
help needed over a set of trials on the same task we needed to look at ltssons 
that contained a recurrent tasks This is the kind of lesson to which our 
model would apply. If a decrement were clear, then we could point to the kind 
of evidence a teacher has available for assessing children. If there were no 
decrement, in amount of help then further analyses and revision of the model 
would be indicated. . 

We" found a set of . such lessons among the data we collected in a fourth- 
grade classroom in .a suburban area near San Diego. The set of lessons were 
part of a unit on household chemicals that we designed In collaboration with 



143 

ERIp 



Pinal Report NIE-G-78-0159 

143 

the classroom teacher and with the help of curriculum, materials developed com- 

' v. 

mercially. On the third day of the unit the teacher taught a set of small ^ 
group lessons to each of the "Math groups," We set our cameras up focuBed on 
the kidney-shaped table as each group of four £6 six children, in turn, spent 
their 25 minute time slot in a lesson where, for the first time, they actually 
got to mix chemicals . The lesson had^ three main phases. First, the teacher 

discussed the classification of chemicals and the use of indicators to iden- 

> ' ( 

tify them» They were told how iodine turns starch purple and how red cabbage 
solution changes to different colors when mixed with an acid or a base. 
Second, the teacher divided the group into pairs and distributed two chemicals 
y and the two indicators to each pa ire Bach pair of children was told to mix 
each of their chemicals w^th each of £heir indicators and record the four 
reactions on a worksheet • In the 'final phase of the lesson, the teacher dis- 
cussed the results with the children, and reviewed what could be "said about 
each chemical on the basis of the results. /" 

The phase we will be concerned with primarily is the phase in which the 
children actually set about mixing chemicals and ^recording the results. Ih 
this phase^she told pairs of children to work together but each individual 
was, in effect, given responsibility for only one chemical. So all that any 
one child had to do was mix her 'chemical with each of the two indicators and 
record the results of each mixture. 
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Changes in Amount of Help 



If children need less help to get a- problem done the second time they do 
it, then we and the teacher may certainly feel that they have learned some- 
thing. We coded the lessons with respect to whether or not the children 
received help from the teacher at various points in the mixing and recording 
part of the lesson. We started our coding after the teacher's initial 
instructions just as she distributed the chemicals." At the" most macro' level 
we were concerned with differences* between the first and second task; that is, 
between the child's mixing his chemical with the first indicator (and then 
recording the results) and his mixing the chemical with the second indicator 
(and recording). Within the first and second task we coded the Mix and Record 
phases separately. We expected that the kinds of problems encountered with 
respect to choosing the two chemicals and mixing them in the test tube would 
be quite different j from the problems encountered In recording the chemicals 
and results on the .worksheet. 



We also wanted to code tke^ usefulness or Importance of the help because 
it was intuitively: clear that some of the help the teacher gave was somehow 
mor£ significant thai} other help. This proved very ^difficult and we - were 
unable to attain reliability on our initial attempts. The utility of help is, 
of course, an interaction between what the teacher says and what the child 
already knows. For example, explicit detailed instructions constitute a high 
level utility only for a child who does not know what to do. We return to: 
this issue later because it is central to the interactive model of assessment. ' 
Our, first partially successful solution to the "utility" problem" keyed off a 
distinction the .teacher, herself, made when we interviewed her about the help 
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She was giving. She distinguished between "low level" and "high level" help 
by which she was referring to whether she told them simply that they should do 
the phase or whether she. explained how actually to do it. We labelled these 
two aspects of each phase "Step" and "Execute." As it turns out, the patterns 
of results are quite different for these* two aspects of the problem. 

For each child there were eight points to be coded as to whether or not 
the teacher provided help. The authors assessed the reliability of this cod- 
ing procedure by coding one of the lessons independently. They agreed on 91 X 
of . the cases. * 

Figure 5 shows the results for each of the eight coding points. For the 
moment, consider the whole bars ignoring the fact that there are grey areas on 
each bar"; The patterns for Mixing and Recording are quite different. For 
Mixing there is a decrease in the amount of help from the first to the second 
combination. This difference occurs only with respect to the Execute aspect. 
This decrease in help for the execution of Mixing is found separately in each 
of the 5 small groups and is significant at the p<.05 level when tested by the 
McNemar test for the significance of changes. The children continued to get 
the same low level of help throughout the lesson on the Step aspect. 

The results for the Recording phase of the tasks are quite different. 
Here there is no difference between the first and second combination with 
respect to^e^ther aspect. The teacher help stajs at a relatively constant 
-high level throughout the lesson. The results suggest that the children were 
learning something about how to do the mixing over the course of the lesson 
but that they did not learn anything about how to record the chemical combina- 
tions. But another interpretation is just as plausible. It could be that the 

'■' /' " • ■ 
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Figure 5. Relative frequency of teacher help for each of eight coding 
points. "Grey areas" of each bar indicate help that could not be Idetermined 
by. the coder to be needed. „ 
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' children did not learn anything at all. It could be they already knew what to 
do, bu^ the teacher went ahead and told them what to do at first anyway. 

JWas^the Help Heeded ? 

This gets back to the interactive nature of the help. Once we coded 
whether or not the- teacher gave help (and what phase and aspect it was given 
in) we returned to considering whether or not the children needed the help the 
teacher gave. -^applied three coding categories to, each of the eight coding 
.points. Reliability of the authors' independent coding was 87%. The 
categories were: 

I) Needed hel£. Ve had no trouble identifying many casejr of the first 
category where, childreiv needed help. Children of ten asked for help in a 
question directed to the teacher or they sat doing nothing until the teacher 
told them what to do. " 

VgjLd not need help. We also identified many cases where the children 
did not need help to complete the procedure successfully and, in fact, got no 
help. There were, however, a few cases where children got help but clearly 
did not need it, e.g., they were alre/dy doing the step when the teacher told 
them to do it. . . '" 

3) Cagngt telT whether help was needed or not. The third coding category 
was more, problematic but turns out to point to an important difficulty with 
assessing children's abilities within supported interaction. There were a 
large .number of cases where we could not tell whether or not the children 
needed the help they were given. These were n6t cases of inadequate data col- 
lection; the teacher-child interactions were • recorded clearly enough. Rather 
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they were cases where the teacher gave help before it was clearly needed. Por 
example, many of these cases were ones in which the children , asked the teacher 
about how to describe the ct5lor of the resulting reaction. The teacher would 

answer that question and immediately go on to tell them to write it down. As 

■ ■ . * / 

researchers , we do not know if the children would have recorded the reaction 
on their own if they had not been given help. > 9 v 

The grey areas in each of the bars in Figure 5 indicate those cases for 
which we could not tell" if the help was needed. Th,is Figure makes' it clear 
thkt the interventions directed toward the problem of mixing the chemicals 
were relatively m6re responsive to the children's problems or questions than 
the interventions around recording. A closer look at the Mixing data indi- 
cates that, excluding the grey areas, we have the same pattern of results as 
we found when those areas were included* That is, the Step aspect shows no 
change 4 but there* is a decrement in the help with the second combinations for 
the Execution aspect. * ^\ 

' Looking pov at the Recording data we find quite a different pattern when 
we exclude the grey areas* Here a far 'greater proportion of the teacher's 
interventions did 4 not follow a child's question or problem. While the Step 
aspect stays the same from the first to the second combination, the Execute 

. C - • - . T: • • ■ 

aspect shows a. decrease in the amount of help that we can be sure was needed* 
That is, we do find a decrease In the difficulties and questions the^cjjiildren 
had. The teacher, however, continued to give a high level of help* 
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Teaching and Assessment 

Prom our point of view as researchers, the teacher seemed to be obscuring 
our view of the children's competence. The. decrease in requests^for help sug- 
gests that the children were learning something about what they were supposed 
to write on their worksheets. But other interpretations are- also plausible. 
For- example , the teacher may have believed that the children did not knojw how 
to Execute recording so began giving help a little sooner the second time in 
order to head off the difficulty. The point is that because the teacher gave- 
help before it was clearly needed we can not be sure whether or not the chil- 
dren needed the help. 

The teacher also coded some of the lessons and discussed with us her per- 
ceptions of her interventions. These interviews provided us with several 
plausible explanations for the differences in the patterns of teacher help for 
Mixing and Recording. First, she points out that she actually provided 
specific instructions about mixing in the first phase of the lesson but gave 
far less explanation about using the record sheet. Thus the greater level of 
help for recording may be partially a result of attempting to p i - o v ide mini- 
lessons on recording during the "hands on" phase. Second, the teacher had to 
make extra effort in the second phase of the lesson to assure the records were 
kept. If the children did not know what to do next as far as mixing is con- 
cerned, they would be stuck and would stop or ask a question. But, it - would 
be very easy for a child to mix a chemical and* indicator , examine the results- 
replace the test tube in the rack, and, then go on to the next combination 
Vithout recording the results. This would be an easy mistake for the children 
to make because the purpose of the record could be found only ' in the third 
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phase of the lesson ii which the 12 chemical combinations were to be discussed 

and which only the teicber knew about. Finally, she noted that many of the 
interventions that we, had coded as category 3 (cannot tell) were cases in 
which she considered herself to he just reinforcing the actions she presumed 
the child would probaEIy'carry out anyway. But she knew ti*at subsequent les- 
sons in the unit would make use of very similar record keeping skills and she 
wanted to use whoever opportunities she had to reinforce the record-keeping 
habit. • . 

The teacher's comments point to an important; way in which teaching and 
assessment can be in conflict. Giving too much help, is usually not a critical 
problem for teaching. If the children get help with a problem when they do 
not need it, the worst that can happen is that they will^ecome a little bored 
and perhaps want to get onto something new or into something inappropriate*. A 
teacher can afford to err in the direction of giving too much help, but the 
consequences may be far more disturbing if too little help is given. The 
teacher' a assessment of the children's progress in being able to solve a prob- 
lem requires withdrawing suppprt to the edge of the children's abilities. 
This kind of brinksmanship requires that the teacher be thereto quickly pick 
the children up when they do slip over the -edge of their competence. 

These observations^make it clear that, for the teacher, assessment per se 
must often take second place to other demands. The teacher must often 
interact with the children in ways that make assessment impossible. tn this 
case, for example, as researchers attempting to assess the children, could 
not tell which children used record keeping from the start or picked it up 
quickly, and which children were slow to pick up record keeping. As Brown and 
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Ferarra (in press) illustrate In a laboratory setting, a one-to-one tutorial 
does make dynamic assessment feasible and produces results interestingly at 
variance with standard techniques. The results of the current atudy indicate, 
however, that dynamic assessment may not provide a viable alternative to the 
process-product paradigm in classroom based research. 

We assume that assessment is a continuous process in the course of lesion 
interactions. It may not be as precise as is possible in a one-to-one situa- 
tion, but it is certainly a necessary part of effective teaching. We have 
suggested that a model for the kind of assessment that is possible in the 
course of lessons can be based on the gradual reduction in the amount of sup- 
port the teacher needs to give as she^goes through a sequence of problems. 
The basic idea is to make use of the supportive —social interactions which 
characterize teaching situations rather than trying to eliminate thojse sup- 
ports as in standard testing procedures. For this kind of assessment to hap- 
pen the activity does not have to stop for the child to be tested; the assess- 
ment goes on as an integral part of the teaching process itself. But since 
the process is embedded in^ the ongoing lesson activity it is very susceptible 
to variations in the teacher's priorities and to limitations ,in the resources 
,the teacher has available. 
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CHAPTER 5: 

. BUT IT'S IMPORTANT DATA! : 

' ) • 

MAKING THE DEMANDS OF A COGNITIVE EXPERIMENT 

-' • • / 

MEET THE EDUCATIONAL IMPERATIVES OF THE CLASSROOM. 
Marilyn G. Quinsaat 
'Oceanside Unified School District 

/ 

. ' , , \ , * ■ 

As a relative newcomer to research on children, I have noticed a trend in 
the titling of research papers. Authors have found a creative outlet in using 
cute phrases from children who are their subjects to exemplify tfie intent of 
the paper. I have chosen a cut phrase, but this time the saying is from the 
classroom researchers n But it's important^ data .|' This paper is intends-* as a 
reflection , on the dif f iculties encountered, and how consequent deciatjms were 
made, while I was the teacher' in a classroom where psychological research was 
being done. 9 It is also intended as a comment on the difficulties encountered 
by the practitioner among researchers. 

The research described in this paper took place in my 3rd/4th grade 
classroom. The three-year proj set |( two .years in the classroom have been com- 
pleted, one year of analysis remains), sought to study the cognitive demands 
children are faced Nrtth when learning 3 to deal with the "same task" in dif- 
ferenf classrbom situations. Videotaped data were designed to trace specific 
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cognl*1»fe tasks through different 'settings: large-group lessons, small group 
lessons, one-to-one tutorials, children-only school interactions, and after- 
school- clubs. A set of lessons incorporating all of the settings within a 
curriculum-cognitive "task unit was called a "cycle." A more completer descrip- 
tion of the project from the researchers' point of view is available in Grif- 
fin, Cole and Newman. (in press). . 

It was extremely important that the teacher work closely with the project 
tof/ help with the planning of cycle lessons, documentation of decisions which 
might affect the kind of data collected, and analysis. In many respects the 
practitioner and observers had much of the same relationship as others who had 
been involved in classroom research .< (Florio & Walsh, 1976; Mehan, 1977). 
Florio and Walsh labeled the teacher's role "Observant Participant," giving 
the impression that researchers and practitioners collaborated ip. finding arid 
making observations about the classroom. However, while in previous classroom 
work researchers were primarily observers, in this project; researchers set. up 
and participated in specific tasks in order to systematically explore the ways 
in which cognitive tasks are influenced by the interactional and curricular 
variations necessary to run a classroom. Researchers sought understand the 
context .of cognitive tasks, and the teacher had a more responsible role in the 
project. The problem of coordinating the needs of cognitive research with the 

ongoing business of teaching and gleaming in the classroom had to be con- 
\ 

fronted continually. * 
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At the beginning of the' project, I had two years .experience teaching in 

/ 

• public schdols. Prior to that, I had been a Sociology major and had graduated 

- " v • / / , • 

from the same university and the same teacher- training program w^/th which the 

• . S , • /0 * 

( research was associated. Much of my upper-division work ' emph&iztfd learning 

about current educational research, considering the teacher as ethnographer, 
and using video-tape equipment to study classroom 'interaction. When Bud Mehan 
contacted me about participating in this research I thought it might give me a 
chance to build on my undergraduate background, allow me to gelTa glimpse of 
what graduate work would be like, and perhaps show me something atfout my 
teaching. But I considered self- improvement to be an indirect object of my 
involvement in the project, since the project was not directed at changing my 
teaching , • • • ' 

It is important to note that I had some prior experience which put me at 
an advantage over many teachers who might find themselves in such a situation. 
I have been video-taped while teaching as an undergraduate. I .knew' that 
video-taping could be an extremely important and beneficial means of gathering 

data about teaching. Despite the fact that I had this experience, I still 

• I ' 
felt somewhat uncomfortable about the prospect. At the outset/ the research- 
ers assured me that they were not interested in "looking at my teaching ■ as 
data. The students were the "subjects"; aspects of "how they learned" were 
the data. 
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I soon began to understand the design and interests of the project, and 
realized that, although I was not primary "subject," my role as the teacher, 
and the way I taught, were extremely important . to the analysis. Although the 
study was noT focused on teachers, knowledge about the teacher's role in 
designing lessons, making decisions about what and how * tasks should be 
learned, and his/her actual Implementations of plans would be essential to 
specifying what the Jask was and how the children perceived the 'task. These 
considerations were central to claims about social organization and cognition. 
As the teacher, I clearly had privileged sources of knowledge. As I came to 
understand my role .in the project as a mediator between abstract research 
plans and concrete classroom reality, meeting the demands of both teaching and 
the process of doing research became more difficult. 

Problems in Doing Classroom Research in General 

■ e 

Before proceeding to the specifics of our research, I want to review 
p. blems that may arise when teachers become involved in classroom research in 
their own.rooms. Although it is rarely addressed openly, the first hurdle to 
doing classroom-based research is the difficulty in finding educators willing 
to participate. In principle, it should be expected that educators would be 
interested in keeping up with educational research because of its implications 
on how teaching should go on in the. classroom. However some teachers feel an 
unwillingness to cooperate in classroom research, afraid of work disruption, 
and especially of accusations of failure to keep abreast of new trends in 
their field. Fear of such criticism is, in fact, central to the reluctance of 
teachers to participate in such work. 
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Many teachers I know assume that educational researchers end up exposing 
and criticizing the practitioner and/or the educational system*, It is easy to 
see how teachers might get this impression from the kind of research that is 
published about teachers and schools. Aside fr<m curriculum research, ^teach- 
ers usually hear about work that 'shows how teachers are doing it all wrong. 
Pygmalion sin the Classroom is a good example. It points out that a teacher 
can make or ruin a student's academic potential without even knowing how the 
influence was accomplished. 

Why, one might ask naively, should a competent .teacher worry? If every- 
thing was going alright, there would be nothing to hide. This point of view 
really is naive. I am willing to admit that things go' wrong in my classroom 
more often than I would like, as would any honest professional. And if 
video-tape equipment recorded what was going on, it would be extremely easy to 
find cases which could be embarrassing. 

When observers are in the classroom, especially observers who are 
presumed to be experts on the teaching/ learning process, teachers experience 
an unpleasant role reversal. Under ordinary conditions, the classrooim teacher 
is regarded as an agent of benefits for the children. S/he is responsible for 
helping them acquire the academic skills necessary for success in their every- 
day lives, a responsibility that extends beyond textbooks to the social organ- 
ization of the classroom as well. Once an observer/researcher enters, the 
classroom, the teacher begins to feel his/her role change. The researcher is 
there to improve classroom effectiveness.' The researcher is an advocate for 
the children, even if "s/he does not know their names or their academic his- 
tories. The researcher's advocacy may result in recommendations for changes 



Pinal Report . NIe\g-78-0159 

* . \ 158 

. ~ ■ \ ' .) 

nay 'atem from an evaluation of the teacher, viewed as part of "the problem," 

instead of as a beneficial agent. 

Many educators I know are discouraged with their work, and have goodVrea- 
son to be. Complications with the demands of the public, bureaucratic organi- 
zation, high student-teacher ratios, and other constraints all add to the 
stress of the teaching profession. Given the opportunity, they would like to 
taik about the difficulties of teaching in addition to the difficulties that 
face the children. Yet such conversations rarely happen as a part of the 
research process because to enter such a conversation is to undermine one's 
own authority with little hope that the risk will pay off in terms of improved 
classroom conditions. 

Cognitive Experiments in the Classroom ' 

These very general remarks about classroom research are intended as an 
introduction to the special problems of the project that I engaged in. I did 
not simply agree to have someone observe in my classroom over a two-year 
period 'while I went about my own business. Instead, I agreed to participate 
in a project that would, from time to time, involve me in the planning of les- 
sons that were motivated by the researcher's focus on specifying the way that - 
the children processed information at each step in the lesson. Based " on my 
past experience, I had ideas about what kinds of lesson content and structure 
would work well with my room full of 4th graders. But my ideas didn't always 
fit the v requirements of the research. 
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The project conducted in my classroom was focused on the ways that the 
social organization of a learning task influences how well children master the 
material. Intuitively it seems that some children learn best when left with 
paper-and-pencil work; others respond well when working with a' small group of 
other children; still others can't seem to understand the material unless the 
teacher is working with them on a one-to-one basis. These intuitions are part 
of classroom folklore, but they are very difficult to pin down because *o many 
aspects of the lesson change from one kind of teacher-student interaction to 
the next. Our research tried to find a way to evaluate such, ideas. 

\ \ - • 

\ The basic idea was to present the kids with the -same basic material in 

lessons structured in very different ways. We had large-group lessons where I 

presented material to the whole class at once. We had some lessons where a 

small group of children worked with the teacher, and other^were the same 

small gr^up worked independently. Finally we created "tutorials," one-on-one 

reviews of a whole unit," that were, supposed .to evaluate what* the'child had 

\ 4$ 
learned—while teaching^the child as much as possible by way - of a. lesson 

wrap-up. \ ' 

\ 

This systematic variation in the way that lessons were organized was the 
first source of problems for me. I like to organize my classroom so that I am 
usually working with a small group, while other groups are working* on their 
own, rotating these groups throughout the day." My classroom was not organized 
in such a way that large group lessons vo'uld, be easy to do, so we had to ' make 
arrangements to accommodate that need. . Whenever the research was in progress, 
abnormal routine occasionally had to be modified to allow for the scheduled 
kinds of lesson organization. n * . 
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A second area where I had to modify my usual procedure was in the forming 
of lesson plans. The research sought to evaluate the influence of /different 
kinds of social organization on the performance of specific cognitive tasks. 

This meant either finding a ready-made curriculum unit *hat fit ouJ needs, or 

■ , I 

developing our own. In many cases we had to work quite hard to find ways to 
implement research ideas in ' the classroom. It was in this arL that the. 
research team relied most heavily on the teacher. I was regarded, as the 
expert , on presenting curriculum to 4th grader's, so in the 'translation between 



abstract research goals and practical day-to-day activities I had I to be the 
translator or. at 'least arbiter of translations. For, example, we decided to 
teach a cycle on Household Chemicals. The unit had the potentialjof being a 
success, especially if the lessons included some "exciting" experiments. It 
also had the potential of being a disaster, if the content or the cognitive 
task was too difficult*- I had to insure that the materials used were 
interesting and accessible to 4th graders. Abstract formulationi from a col- 
lege text wouldn't work. I 

. These goals were not completely incompatible. The, researchers accepted 
my goals and I accepted theirs. I, too, wanted the children to master the 
cognitive skills underlying the curriculum. But implementing jlhese two* goals 
simultaneously turned out 'to be one of the central difficulties of the pro- 
ject. It didn't take me long to learn that whatever areas ;the researchers 
might be experts in, tailoring^ classroom lessons to the n^eds of cognitive 
psychological^ analysis was not one of theml 
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A* useful example of conflicting goals occurred soon after" the beginning 
of a cycle on Mapping T The children were given areas to measure and then were 
instructed to draw an accurate map of the area, given the measurements they 
collected'. As the lesson progressed it became clear to me that many of the 
students were eager to do something with their measurements , but: didn't » quite~ 
know how to go about doing it. I fel^t that a lesson. on Scaling. was in order V 
but that lesson wasn't planned to occur until later. I got together witih ^the 
research team and, negotiated ar~change in the cycle. Since I was v intere&tecf- in 
teaching the concept bf scaling, I was made responsible for writdng up the 
lesson plan., "This aspect of the cycle had previously been guided by the. 
researchers' nbtiions of the structure of the .topic. During the course of this 
•replanning, it was also decided that the lesson would be done as* a tutorial 
.instead of a small- or large-group lesson. This procedure was different from 
past tutorials,.; which ocQurred at the ^Ji of cycles it^ order to serve as 
assessments of what a child knew. For t:he mapping cycle, the tutorial was' in 
the middle of the cycle, and definitely oriented toward teaching. 

Implementing, this new piece of jce*search/ curriculum produced a new kind of 

T _ ■ 

conflict. I viewed , the tutorials as an opportunity to teach the concept of 
scale. I believed- that this was what the children needed to know in order to 
get ojz with the upcoming lessons on mapping. The research team, on the other 
hand, viewed this, tutorial like the others, as an 'opportune time for the 
teacher to do some careful assessment of what the children knew, while incor- 
porating good teaching. What constituted "important data" for them was a 
chance to look carefully at the levels at which children were able to do this 
scaling task. This^ conflict«le4 me to believe that even the idea, of doing 
tutorials, or individual . evaluations on my students, was a luxury which I 
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couldn't possibly engage In during regular classroom Instruction. The 
researchers needed tutorial situations in which children were taken to the 
limit of their abilities in order to determine exactly the level at which they 
could process the information from previous lessons. Given my /time con- 

■*» ' I 

straints, I certainly didn't need that precise an evaluation. tore, general 
evaluations of my students would; have been enough for me to see how to go 
about teaching them. 

The conflict is in the fact-that, as a teacher, -it is important for me to 
find ways in which children can succeed as well as possible in their academic 

■ v 

work. Yet this wa.9' not necessarily the goal of the researchers since they 
were, also interested in the ways and .situations in which children wer<* having 
difficulties with cognitive tasks. Sometimes situations would .occur that 
could only be "negotiated" while I was in the process of teaching. I took it. 
as my responsibility to make certain that lessons went as well as possible 
once the planning phase was over, no matter what the logic of the research 
demanded. Sometimes I would modify what I should have said, or done in les- 
sons, using my intuitions about the needs'of individual students. 

My modifications during the lesions complicated life for the researchers. 
It would have' been convenient , from their viewpoint, for my lessons to be uni- 
formly structured. They weren't, of course. But the changes eventually 
became part of ' the data since we wanted to know when the requirements' of 
classroofo goals would require changes in the cognitive 'demands placed u£on the 
children. This simply alludes to the idea that research, as well as teaching, 
often needs to be modified as the process under observation unfolds. 
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It is important to note that the primary reason I^was willing to nego- 
tiate changes in the lesson plans was not to Improve data collection, but to 
act as a guardian for the children. This advocacy was carried on " simultane- 
ously on several grounds. Research, is intended to be a beiiefit for the chil- 
dren in the^long run. But in the immediate circumstances >t l^t is up to the 
teacher to,, protect the child from research situations which might violate 
their rights. For example, it is well-known that classroom research, involves 
possible invasion of the subjects' privacy as well as the potential disruption 
of classroom activities. ' 

All participants in this project were covered by a Protection of Human 
Subjects Declaration. The' criteria for^ firotecting the rights, of the children 
while collecting data, were quite, stringent. v Yet knowing when a phild's rights 

were violated refrained rather ambiguous J For example , one part of the Human 

* ~. j ^ * • 

Subjects Protection Declaration required* that video-tape and camera equipment 

remain as^ "unobtrusive as possible 1 ' so ihat regular classroom business could 

continue. : "Unobtrusive as possible" is a; difficult phrase to translate into- 

classroom .reality. I was left' as the agent for the children In deciding what 

equipment got in the way, and in negotiating how equipment could be set up t$ 

obtain pfoper sound and camera angle for dati collection purposes. 

^ Conflicts werp minimized by spending energy educating .each other. I 
often felt that I was the student. For example, at the beginning of the pr»o- 
ject, it was unclear to jne why the tutorials/for each child were necessary. 1 



Welcomed the opportunity to teach one-to-one lessons in the classroom r but the 
idea of teaching 27 "identical" tutorials per cycle, some lasting "an ,hour, 
^rtiile the rest of the children went about their business, promised a lot of 
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strain on my part, not- to mention the effect it might have on classroom 
management. 

4 

The researchers carefully explained the importance of doing tutorials in 
the way they had in mind. I was given recently published research to read on 

new methods of mixing evaluation and teaching that the tutorials were designed 

/ 

to model (Brown & French, 1979). I found the ideas interesting and we had 
several discussions about how we could organize such extensive one-on-one 

work* 

• • *■ 

^ °v er the following two years, the research team worked' to help me under- 

stand all facets of the project. They provided large amotmts of background- 
reading , made 'themselves available for questions and discussion, provided 
ac/cess to helpful consultants, and invited me to participate in Laboratory 
meetings where our own an^/otker^related projects were being discussed. This 
program of education, centered t oi: the .research, provided me with the informa- 
tion needed to make intelligent decisions about what neeSed to get done .in the 
classroom. fc 

As the project- continued, the* goals cf th$ res&fr&H became clearer to me, 
and to the researchers as well. I begat* to. understand that research is a con- 
tinually changing process. I wafc giv^u more responsibility in the planning of 
the lessons as my interest and understanding of the research grew. One of 
these areas was in the planning and teaching of a Division cycle. . 

Division cycle was an ongoing activity throughout the second year of data 
collection. Since division is .a standard part of the 4th grade curriculum, 
and children were seen to do the calculation in other lessons, it was decided 
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to tape occurrences where, children were trying to solve problems involving 
division. 

At first I thought that this cycle would be much easier for tae. ' There 
would be no long hours of planning and lesson preparation.. However, in a 
sense, what occurred was even more difficult than the specially planned les- 

« t. c 

son. It was important to the researchers to have 'a very detailed specifica- 
tion of what each lesson entailed. This specificity was normally accomplished 
by the preplanning of each regular cycle. In this case, the information was 
contained in my notions < what I thought the lesson was and how i" thought -it 
should be taught. I found myself being questioned about every aspect of the 
division process. Why did I choose the algorithm I taught* What were the 
steps involved? What did the child need to know in order to- do each step? 
How did it help some children and not others? How did I come to learn algo- 
rithm? These are all good questions, but they are not the kind that I ask 
myself when I teach division. I began to feel defensive about my work, feel- 
ing . the researchers might now be investigating me! j 

Understanding Khy It/ s Important Dat a 

• » 

The division cycle provided another example where the everyday demands of, 
the teacher's job come into conflict with that .if tha researchers. To a 
teacher, it is not necessary to be able to specify *%\ t*p*tl* «■ lesson. 

It is enough to be able to find or create lessons whl-h m-??* the jwrpose, are 
appropriate to the class, and are manageable. If a tiauner vvr<s to work on 

r 

it, s/he could spend the time figuring out the specifics of fch* lessons in the ' 
way that the research team needed it, but it* would demand a great deal more . 
time tban the competing demands of the curriculum permit. " « 
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But, to the researchers, that very specificity of lessons ls'what enables 
them to understand, what the children are doing. As one of the reseaj&hers 

pointed out, the teacher's specific notions about the lessons were, important 

O 

data, because they shaped the way that the children experienced the curricu- 



lum. I began to understand better that everything that happened to shape 
classroom lessons was important. The students alone were not the subjects. 
Interaction was the "subject" also. And in the sense that interaction was the' 
subject, the teacher became a subject, too. 

I recall several occasions when I made a casual observation. A 
researcher would stop me and ask me to clarify my statement. At that point, 
the researcher would mutter, "We've got to jremember to wrifee that down." No 
one could specify ahead of time .all that constituted good data, so at any 
point anything could be important. 

In reflecting generally on the past two years of data collection, . it is 
difficult to.know exactly how the research has affected thft children or their 
ability to do schoolwork. One hopes the children gained some knowledge from 
the curriculum area3 taught. I know from being with them that they foilnd the 
cycles to be interesting as well as fun. 

However, I feel that £ probably was affected the most. I spent hours 
working on the project, to the point where it seemed like a second job. Those" 
hours often included negotiations which were made difficult by the ambiguous, 
paradoxical conditions of advocacy. Yet I felt that 1 had emerged after two 
years from the best teacher-training inservlc^ program 1 had encountered. 
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The experience I've gained from having been involved In research contin- 
ues to have a great impact on my work. Designing curriculum for the cycles 
and the amount of specificity involved In doing that made me more aware of the 
quality of materials that I was coming in contact with in my classroom. Get- 
ting t6 understand better the theories behind our research project and learn- 
ing how to be critical of theory taught me how to analyze the vast number of 
educational curricula that I encounter, the analysis of my classroom thus far 
reveals that I do plenty of things I wish I could do better. But I think in 
the long run, it also reveals that I cm learning how. 
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CHAPTER 6: 

j 

LONG DIVISION OF LABOR: 

S IN SUPPORT OF AN INTERACTIVE LEARNING THEORY 
Andrea L. Petitto 

Graduate School of Education and Human Development *' • 

* \* ■ * 

:j University of Rochester 5 

This chapter presents a process oriented study of teaching and learning. 
Small group lessons in elementary school classrooms, where groups are strati- 
fied by achievement levels in arithmetic, provide a set of contexts ;Ln which 
to investigate learning processes in relation to naturally- occurring varia- 
tions in the constraints on expert/novice interaction. , The analysis and dis- 

. f - - i * . ' ■ - 

cuss ion draws^ froni two/major areas of learning research: educational psychol- 
ogy concerned with learning among children of different academic abilities; 
and cognitive psychological studies of individual learning processes. The 
analysis demonstrates that in Important respects 9 the teaching/learning 
interactions cannot be reduced either to direct instruction or to individual 

learning processes. - 

V ■ ■/.'' 



22. The use of the expression "teachfng/ learning" refers to' a concept best ex- 
pressed by Sutton's definition of the Russian word "obuchenie" which means 
"both teaching and learning 9 both sides of the two-way process, ... well suit- 
ed to a dialectical view of a phenomenon made up of mutually interpenetrating 
opposites." (p. 169, 1980) ** 
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How to deal effectively with a heterogeneous student* population has long 
been a major problem for educators • In classroom practice in the United 
States, this problem has most often lead to ability grouping—dividing stu- 
dents into small working groups according to a teacher's perception of the 
students' academic abilities. Teachers use small group instruction to promote 
student/ teacher interaction and to increase student attentivefress during les- 
sons CBarr, 1975). Children of similar academic ability are grouped together 
to facilitate the adjustment of teaching techniques to instructional needs. 
For pragmatic /reasoris such as these, the practice of ability grouping is. well 
established. This practice, however, raises several theoretically important 
Issues which are the continuing subject of research and debate. Primary* among 
these is the role of group interaction in learning, and how psychological 
processes important in group interaction are related to variations in student 
ability. 

Proces s from Product 

The acquisition of new cognitive skills has long been studied inferen- 
Yially by assessing learning outcomes related to a variety of curriculum mani- 
pulatlqns (Gagne, 1968). More recently, cognitive science had developed 
detailed models of the process of skill acquisition by examining in-process 
transformations of individual problem solving behavior (Anzai & Simon, 1979; 
Anderson, 1982; diSessa, 1982; Resnick, 1982). But processes which produce 
Individual learning are internal, inaccessible to direct -observation. Inves- 
tigation of such processes must infer the nature of those processes from their 
products—however fine grained that sequence of products might be. 

/ .... ■ . ' ■ . 
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Researchers who have studied learning through small group Interaction 
have also assumed that all the Important processes Which produce changes, in 
problem solving skills and strategies occur Inside each individual's head, 
though facilitated in some way by dynamics of the interaction. This assump- 
tion has led to the predominance of research methods wfiich rely upon end-sate 
analyses — in the form of pre and-post tests — from which to infer intervening 
processes. These studies have not provided definitive answers about the rela- 
tive benefits of -small group vs. whole class nor heterogeneous vs. homogene- 
ous ability grouping, much less explain the psychological bases for those 
effects which are found (Kulik & Kulik, *1982; Mehan, 1979). Some recent stu- 
dies have begun to assess interactive mechanisms that might be important, but 
evidence to date has not been sufficiently consistent to demonstrate strong 
relationships between interaction pattern's and cognitive learning processes 
v (Webb, 1982? « Swing & Peterson, 1982; Peterson, Janicki & Swing, 1981). 

• ■ ' i ' 

The research presented here will show that there are processes which must 
properly be characterized as f intersubjective — arising from the interaction 
between people — which play a major role in producing changes in problem solv- 
ing behavior among the participants. These processes, being external, are 
more accessible for observation and analysis and can provide an ^important l^ n V 
to explain relationships between interaction and individual learning. 

The Social Context 

/ When investigating cognitive learning in socially organized contexts, as 
in classroom lessons, the investigator is forced to consider cognitive and 
social Issues together as two aspects of a single phenomenon (Griffin, Cole & 
Newman, 1982). This reformulates the theojeticrf question from: "How does an 

7 ' • . •> 
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individual construct "the necessary productions and flow of control for acquir- 
ing and refining a cognitive skill?" to "By what mechanism and in what form is 
a teacher's competence in a cognitive skill transferred to a novice?" 

Cognitive psychology has long since abandoned the model of the .passive 
learner. Psychologists have argued that teaching cannot be construed as 'ftel- 
ling," i.e., direct transmission of knowledge. This is particularly true in 
procedural learning. Anderson (1982) points out that a major difficulty with 

direct procedural instruction is the necessity to specify new productions thatr 

J 

will be adequately integrated with the student's "complex existing ' flow of 
control." Gagnejdgesy'expr eased similar caution about the generality of his 
learning hierarchies, stating that the optimal hierarchy f or ^any individual 
depends upon his current configuration of cognitive skills. Resnick and 
Glazer (1976) have argued that learners must actively "fill in" gaps in 
instruction, making connections that are, only implicit in the teacher's 
presentation.; 

In cognitive studies, however, the role of the teacher as active partici- 
pant in the learning process has been generally neglected. Researchers usu- 
ally construct learning and problem solving situations in „ which instruction 
follows standardized procedures and which adjust for variations in subjects' 
learning rates and styles in predetermined, formal ways. This contrasts with 
most every-day teaching/ learning situations. Though a teacher usually begins 
sWith a more or less well formulated lesson plan, the teacher's interactions 
.with individual learners can vary in many ways along multiple dimensions . 
This variability is not constrained by a need for experimental controls, but 
by such considerations as a desire to promote learning and the teacher's abil- 
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ity to recognize correct performance of all . or 'parts of the skill to be 
learned, any of its possibly many valid forms. 

Newman, Griffin, and Cole (in press) point out several important differ- 
ences between tasks which occur in laboratory settings and those observable in 
regular classroom lessons. In either instance, participants may have many 
goals other than the one the researcher or teacher have in. mind. In the rela- 
tively loose constraints of a classroom setting, students -produce more visible 
activity related to tho<se "alternate" goals than is possible in most, experi- 
mentally controlled situations. Many of these alternative activities enter" 
into the teaching/ learning process in important ways. Newman, Griffin and 
Cole also argue that both r -laboratory and classroom tasks are always socially 
constructed, though in classrooms social . constraints are more flexible and 
shifting. They show that changing social constraints produce immediate" 
changes -in the nature of the task at hand, in the procedures used, and in 
their ultimate products. 

These issues have been cogently illustrated specifically in the area of 
mathematics lessons by Bauersf eld (1980). Making use^of current sociological 
theories, (e.g., Mehan, 1979, /1978) Bauers'feld describes four "hidden dimen- 
sions"* in the classroom which have been neglected in instructional research. 
The first of these, and the one most immediately relevant here, is the ""con- 
stitution of meaning through human interaction." Bauersf eld describes class- 
room lessons as episodes in which "...each participant's view of' the actual 
task to be done is different and varying during the course £f the episode. 
The task must be understood as a function of the situation" (page 121). 
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Since each participant-^teacher and students alike—have a different view 
of the task, .then when investigating the processes by whiclv, people learn from 
other people, the unit of analysis must be larger than' the . individual. 

" * \ 

* " ■ f . ' ' 

Further, not only the unit of analysis, but th e method of analysis must 
change. Since the constitution of meaning cannot be ascribed to a single 
individual, Bauersfeld eschews the use of simple, linear models to describe 
such learning events. He states': "...axs a matter of principle, there is 
small chance of predicting the outcomes of such episodes at their beginning." 

0 

While we agree that there can be no simple mapping between either the child's 

« ■ • 

or the teacher's entering System of knowledge and the educational outcome for 
the child, there are constraints which dimit the likely outcomes of this 
learning process. What these constraints are and how they work is the subject, 
o^f this paper. 

Bauersfeld' s critical argument points to the need for an interactive 
theory of learning. Members of the Laboratory of Comparative .Human Cognition 
(1982) have developed an interactive learning theory through the synthesis of 
current cognitive theory in American psychology .(McClelland & Rumelhart, 
1981a,b; Norman, 1980) and Soviet theories of learning and development 
;(Leont'ev, 1981'; Luria, 1979; Rubinshtein, 1957; Vygotsky, 1978). This theory 
views the teacher and learner in their joint actiyity as as single; functional 
system. Tljis functional system Is treated as a fundamental unit of analysis 
of the same kind as an individual acting Independently. As in more tradi- 
tional versions of American cognitive psychology, goals serve to coordinate 

the actions within the system. In the case of- an educational '< activity , the 

* ■» ■. 

educational goal is treated ah the primary one which sustains the' unity of the 

■ , .» 

functional system, although the various individuals participating in this 
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system each have different versions of this overall goal, there is also a 

multiplicity of goals— an isaue raised hy Neisser (19^6)— exis*ting simultane- 

'" "I 

ously, any of -which may or may not be related to the educational goal. It is' 
up to the. teacher to organize the actions of the participants with respect to 
the educational goal. *j 



A Study of Learning Long Division 

With this theoretical view we approached I the analysis of the 
teaching /learning processes that took place in several small^group sessions in 
a fourth-grade public school classroom. The overall educational goal in these 
^episodes was for the children % to learn ^to do /long division. This goal is 
Institutionally defined and is understood and" accepted in various ways by the 
teacher and students. This leads to^a^more /immediate and locally defined 
goal, to carry out long division problems. Learning new procedures^ by demons- 
tration and practice is one of a limited set of activities that regularly 
^occurs in small, group sessions such as thes^j and is confirmed by the 
teacher's introductory remarks , e.g., "let's Jtry a.few." As each problem is 
presented, the current goal is to divide, using' the long division procedure. 
At the outset, only the teacher has a clear idea of what [kinds of actions ade- 
•quately satisfy this goal. The teacher has a relatively well developed theory 
of long division which consists of a hierarchy of goals and subgoals- imple- 
mented, by arithmetic routines which satisfy them. This is what the students 
must acquire in the teaching-/ learning processes .observed here. 
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But how c^n the students acquire goals they do not already have?^ Simply 
stating the goal of long division to students who are not alrfeady familiar 
with it would certainly be cryptic: e.g., "Find an approximate ihteger quo- 
tient less than the precise quotient but greater, than any other integer quo<- 
tient which is less than the' precise quotient. Then determine 'the undivided 
remainder." Since statements such as this one would be uninterpretable by the 
average fourth grader, goals are expressed in terms of the procedures which 
satisfy them. We shall see that ifi long division, as has been shown for other 
kinds of everyday arithmetic (Lave, Murtaugh* & Roqha,. 1983) 9 one particularly 
useful and effective procedure, utilizes successive approximation. This pro- 
cedure is important because some kind of successive approximation strategy is 

i ' ••' V ' \ ■ 

necessary for huqian^ expertise in long division in its more complex form^. But 
processes of estimation or approximation are not precision operations as aria, 
for example, multiplication and 'subtraction whii^h can be carried oijt mechani- 
cally. Estimations are inherently go,al directed. How ls.it * possible, then, 
for a novice unfamiliar with the goal to leaj^n such a procedure? The! Inter ac- 
tive learning theory Includes the notion of a medium of interaction, or con- 
text. This provides for intermediate ^oals thai: are within reach of the stu- 
dents and so can he shared between teacher and student. Such a/ context will 



be identified in this analysis. 

.» * i / 

/ ■ / i • . 

How do the students in the functional system ,taove from their initial 
understanding toward one that is consonant with that at the teacher? - The 
analysis presented below will reveal several 'aspects of tills process. First, 
in initiating the lesson, the teacher presents a precise procedural descrip- 
tion which serves as a medium of interaction between herself and -the "children. 

v 9 -* • ■■>!. ■ > 

In the process of the teaching/ Teaming interactipp, the form of the procedure 



Pinal Report > " ' ' ?^ NIE-G-78-01 59 . 



« 



which the students learn changes from the procedural description originally 
presented by the teacher to alternate but equally valid procedures; including 

successive approximations among Others. As will become clear in the analysis, 

.... - •. ' ■'• \ \ '•• 

these changes led to different final versions of the procedure.' from Student to 
- ' • • ' •> ' ' ' . > . » ' 

student. Yet these variations are neither inventions or 1 discoveries ' by the 

students nor are they planned, in advance by the teacher but 'arise through the 

■■■■ ••■ " * s - . ' -- ... 

interaction between them. Variations in the form .of/ the student-teacher 
interaction are indistinguishable from variations in the form of the, long . 
division procedure. These variations follow certain, characteristic bitterns 
some of which are associated withv-achievement levels of individual students. 

• , ' " ' c > 

' "„ • S ' ' 0 * , * 

.N , • ^ 8 • . 

-Th^se observations serve as the basis for an interactive learning theory 
in which the teacher and learner are viewed as parts of a single system. ^ This 

- ■ . \ i - y , • . ♦ » 

system serves to transform information using operations, cognitive resources, 
and constraints in much the same way as individual internal processing 
theories do. For the purposes of this investigation, the fundamental unit of 
analysis contains teacher and one or more learners. It is on this level of 
analysis, that observable changes" in the problem solving process take place. 

■ * ' ' ' < . / ' . S) * 

Since ^ the ^smallest meaningful unit of analysis for this kind^of 

teaching/learning process must be larger than the individual, our theory is an 

■ » 

attempt to extend the domain of cognitive analysis from individual processing 

to intersubjfective processes and to show an essential continuity between them. * 

Such an enterprise is necessary if we wish to understand the maintenance and 
* * ■ 

^ * ■ ■ 

transmission of cultural knovledge-^the primary function of instruction. 
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The Setting and the Lesson \ " 

*» . . . * 

e • • • ; -2> ■ .' * 

L, The serious consideration of learning as an interactive, process leads to 

.a redefinition of the task itself, tt brings up the possibility that what the 
task. is and what is being learned is 'different for different children and that 
these differences have educational consequences (Hood, McDenaotrt, & Cole. 
1980). "' , / ■ " % • . 

We studied the teaching/ lfearnihg process as it unfolds in *a regular" 
fourth-grade, classroom in a public elementary school in a medium sized, work- 
ing class town on the West Coast of the United States. We observed a sequence 
of eight arithmetic lessons on division. The analyses presented here concen- 
tjrate on only one lesson, the fifth in a steries of eight. This was the lesson 
in which the long division algotithm was^ first introduced. -It had been pre- 
cedetf by several lessons which used manipulabie materials to illustrate the 
notion of division and remainders. x< 

For the purpose of , arithmetic lessons, the teacher had divided the chil- 
dren in the class / into .five/ small groups on the basis of tested arithmetic 
achievement in computation skills. These were routinely administered paper- 
and-pencil tests developed by project TORQUE. They included two tests on 
number lines and one addition, one subtraction and two multiplication tests. 

_ <~ ■ ■ -* ■ • * 

Though these test results formed .the basis for assigning children to groups, 
the teacher did not strictly adhere to them. In a few cases she placed chil- 
dren into groups higher or 16wer than their arithatetic test scores would. have 
indicated. The teacher justified these adjustments noting that those /who had 
been placed above t^eir tested scores showed "systematic rule errors" in their 
written work, a fact phich she interpreted to* mean Hhat . their difficulties 
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were not in "understanding" but were mechanical. The teacher felt that the two 
children whom she dropped to a lower placement generally "didn' t seem to 
understand things •" Our analysis suggests that Che .teacher's perception of a 
child's understanding of the lesson content can be effected as much by the 
child's interactional difficulties as by actual cognitive skills. Neverthe- 
less, we &lso conclude that difficulties in social interactional skills c^n 
lead to diminished ability to learn from instruction. 

The average arithmetic test scores for each group are summarized in Table 
1. . ' 

The resulting groups consisted of four to six children each. The number 
of groups formed was not determined by the distribution of test scores but by 
the teacher's organizational plans for the classroom. The teacher's purpose- 
in forming these groups was to provide an opportunity for regular individual 
contact in arithmetic lessons. She u3ed homogeneous ability grouping to 
facilitate teaching practices, including repudiation ^nd "other forms of sup- 
port. Despite differences in skill levels, the teacher used the same basic 

r t 

lesson plan for ail groups, expecting to make in-process modifications in 
response to the children's performance during the small group sessions. 

At the outset-, our primary concern was to describe the the effects of 
differences ..• in students' entering arithmetic skills on the interactions that 
constituted 'the teaching/learning of new material. The analysis of cognitive 
processes, already difficult in laboratory settings with controlled condi- 
tions, is problematic in observational studies. However, we were able to 
exploit the teacher's pragmatic structuring of the elkssroom and the well 
def inednature of the lesson content to structure the observation of social 
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Table 1 



Highest 
Achievers 



Re- 




of Arithmetic Pretests 


* 


fer 




Lve Achievement Groups 








Average Score Std Dev 


Number of 






(max-28> 


Children 


Group 


1 


26.8 \ 0.75 


6 


Group 


2 


25.6 0.89 


5 


Group 


3 


22.8 A.l 


6 ' 


Group 


4 


U.2 A. 9 


6 


Group 


5 


15.8 3.8 


4 



Scores are the number correct of 6 addition; 8 subtraction, and 1A 
multiplication problems. Averages shown here are from the final 
group compositions which are not. strictly in line with arithmetic 
scores. The teacher placed two children in groups higher than their 
scores warranted - one from Group^A to Group 3 and one from Group 5 
to Group A. She also placed two children into groups below that 
whifch their scores alone would have indicated, both from Group A 
into Group 5. . - . , 



18. 



■J 
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Interactions. The classroom setup was well suited to this purpose with Ita 

five small groups ranked on the basis of achievement in arithmetic skills. 

The institutional setting and classroom routine provided constraints on kinds 

■ * 

of social interactions that were likely to occur and prescribed legitimacy 
within this restricted range of possibilities. ContWftions for field observa- 
tion were nearly Ideal. Ethnicity and social class compositi^ were 
equivalent across all five groups. We had arithmetic pretest scores, video- 
tapes (from two camera angles) ar- field notes for all small group sessions, 
access to the children's written work, and the results of a division post- 
test. 

The less.on content was long division with two digit dividends and a one 
digit divisor. Long division in this lesson is viewed as a standardized pro- 
cedure for doing division problems with remainders. The procedure generates a 
quotient, a number which is the multiple of the quotient and the divisor, ^and 
a remainder which is the dividend minus the multiple (see Figure 1). 2): 
first, finding the quotient then checking the quotient. Finding the quotient 
is treated as a simple lookup for the missing member of the multiplication 
triplet (a x b ~ c, where either a or b is unknown). Checking the answer 
amounts to a justification in which a multiplication is expressed in its usual, 
complete form (a into c equals b because a timefe b equals, c) . 

> i o 

MQ introduced long division as a variant of the simple division procedure 

followed by a new step to find a remainder She first presented- the long 

9 I 

division problem, "seven into forty-six 11 , to the group, then presented a 

2. MQ used different numerical examples in each group. The one presented for 
explanatory purposes here is from the second highest achievement group, but 
all others follow roughly the same course. ' I 

i 

i8i \ : 



Pinal Report HIB-G-78-0159 

182 



QUOTIENT > 6_R 4 < REMAINDER 

DIVISOR > 7 )" 46 ' < — ^DIVIDEND 

42 < klJLTlPLE of Quotient and Div 

. 4 < — 4\ REMAINDER 



Diagram indicating portions of the long division layout and 
corresponding terms. 



iso: 



Figure 1. The long division layout and corresponding terms. 



Final Report 



HIE-G-76-0159 
183 



Simple Division 



Quotient 

Reverse multipli- 
cation: find q 
such that 



Write q above 
division bracket 

•Check f 

multiply: q * x = y 



q R r 

r 

r 

Long Division 
Introduction 

Find a "nearby" 
simple division 
y' close to y 

r < y 



Simple Division 

Quotient 

Reverse multipli-, 
cation: find q 
such that 
' q * x « y' 

Write q above 
division bracket 

Check fl . L 

multiply:*q * x - jy' 

Write y' below y 

Remainder 

Subtract: y - y' * r 

Write: 'R' r above 
division bracket 
to the right of q. 



ERLC 



Figure 2: long Division Structure 

: - . '183 ■ 



q R r 
xTT" 

y' 

r 

Extended Precision 
Procedure 

FimTa .."nearby" 
simple division 

Find q such that 
q * « - y' , y' * y, 
and y' < y 

Generate an ordered 
list of multiples 



of x: x 



r 



from q « 1 . . • 9 

Select y' close to y . 
(on magnitude contin- 
uum, no y' between y' 
and y) 

Check: is y' < y? 
If no 8 go back to 
select y' 

If 'yes' then do Simple 
Division 

Simpl-s Division 

Quotient 

Reverse multipli- 
cation: find q 
such that 
q * x * y' 

Write q above 
division bracket 

Check 

■ f multiply: q * x = y' 

Write y' below y 

Remainder 

Subtract : y - y ' * r 

Write: # 'R' r above 
division bracket 
to the right of q 
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closely related, "nearby 11 simple division, "seven into for ty- two , ,r yS writing 
both of them on the blackboard. She solved the simple division, then returned 
to the lone division saying that it is done *"thc same way, 11 by> searching for. a 
number vmicfi when r-i • tiplied by the divisor , (seven) would result in a multiple 
close to but smaller than the dividend (forty-six): "Vnat number times, seven 
has an answer .that's cL: se to forty-six? ...but ft doesn't go over. If it's 
b.lg;.;er than forty-six.^' than it wont . work . 11 At this point, after seeing the 
"nearby" simple division worked out, the children in all groups quickly filled 
in the. correct quotient. MQ then complete the problem by carrying out -the 
multiplication as in the checking step ".. .because six times seven is forty- 
two," then demonstrating the subtraction step to. find the remainder "We 
subtract. y this number [pointing to 42] from that number t [pointing to 46] to 
find out vhat the difference is. ••■•Tills is your remainder." 

The middle column in Figure 7 shows the overall structure- o? long 
division procedure at this point in the presentation. By indi^itit.^ - thia 
relationship! to simple divisions, MQ has established a subgoal hierarchy for 
tjKi . long /division procedure: first," find a nearby simple division; second, 
caccy out tlu simple division third, find the difference or remainder. Sim- 
ple division is .an already established routine consisting of two 'part; «, 
reverse Multiplication and "chock. Finding a remainder is a g'oal which has 
also bo.s-u previously established through other instantiations of division with 
rgviiaind ; 'rr. using other media (manlpulables of v^rLrms types) and other pro- 
cedures. But the goal of "finding a nearby si:, pic division/ 1 is entirely new. 

3. The children had all been introduced jto the idea of rerqainde.. s as ^left- 
overs" that " could - reSulf v;hen a quantity is not evenly divisible. This had 
been covered in Vessons using various "man ipulables and some paper and pencil 
division procedure?! other than the standard nuaieric^l algorithm. 
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It is thLs stop in, the procedure th-.it will be-, the focus of 'attention "because 
of JL I: m unf am LI iar i ty (foi; th* students) m id because of its potential* for sue*- 
costive appro:-: h\m f. Ion . 

As it bar? been presented so far, it in not 'clear what the- criteria for 
"nearby" '•should be nor what procedures* might be applied in the. search for such 
a simple division. NQ dealt with these rmbiguitiels by re-solving the same 
'■ problem, this time filling in the ambiguous procedures with a Sequence of pre- 
c.lsion operations.' Tjie resulting procedural, sequence is -presented in the 
third column ;in Figure 7. 

MQ's 'filled in procedure begins by generating all the multiples of the 
divisor and scanning them for the one with the needed properties * In her 
presentation, she wrote out a 'list of multiples of the divisor on the black- 
board, mmenting that this step is, normally done mentally: "So, that's what 
you would be doing in your head— trying to find nil the answers-^that are 
jL?JTi ,;; " lf Using this method-, i'Q demonstrated the process, of making proximity and 
relative magnitude judgements based on the sequence of multiples (35, 42, 49, 
etc.)?'* "Find nn ansvfer that's close to forty-six but doesn't go over. 
Fori:;/- : Ln-ii if? close bat: it goes over [pointing at the written list of- multi- 
ples on the. blackboard]. So 5 forty-two is the closest one that does ... that 
isn't bigger." 'J irs completes the process of finding a nearby simple divi- 



sion . 



er|c -v" 



4. Ilnther than Mio sequence of multipliers. (5 , 6, 7,.. etc) 

t . ■ 

185 
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Subsequently , the simple division is carried out in its , original form, 
reverse multlpl lent; ton and chock: "What times seven is forty-two? Six. 11 The 
checking stop follows; all of the above procedures 1 with the multiplication, 
"Six times seven is forty- two V although this result had already been found 
v I. thin the procedure;; for finding the nearby simple division. MQ completed 
the cm ample by finding the/ remainder: "Subtract and find your remainder. 
Remainder is four. The answer is six remainder four." \- 

This is the Kxtcn-.".i-fl Precision version ox MQ's long division algorithm as 

I - 1 " 

presented to the chi'f Iren in each Suialjl group. The procedure as presented j 

sacr 1 f ' c:cd elegance for precision and completeness. No operations are ■ ■. . 

unspecified, acsuning .. that multiplication and subtraction do not require 

explanation.- A child who r.e;n rubers this sequence of steps In the proper order 

and who can execute e:i'\*h operation accurately is assured of success* Further, ./ 

the Extended "Precision sequence "preserves intact the derivative relationship • 

b e t: we en 1 o n g d iv I s I o n a nd s . ni pie J i v i s i o n . 



However, the operations involved in idea i: i. Lying n nenrby siraple division / 
put: n grant burden " on ^riling ronory by includi ng r te.ps which general e and; 
^-.■in'.ii ;s long table of mul tLp! ».■:: . The checking step is redundant: — repeating a 
Vi.-fa.f!: rAvyxdy found fn earlier operations. These characteristics ma;:c it 
\vA: Lk el y that *-,n export; woul.1 actually user i.his method to do long div.I : .a. 
ttt'Var ';hale .s , thir to c the "long division algorithm served as a medium 

through v/nich the t ■■•■.elr.rr and chLldrc- a- -otiated new and m6re efficient pro- 
cedures ratch as successive . approx ■, L Ions . The following" discourse analysis 
traces tl \ I s d e v el o p r. »: a t . y 



9 
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Interaction and 1' ra n s for m ;t t'ion 

t 

As the C'Mflk'i* and children cooperated toi^jolve tlie demonstration prob- 

> » : rv . 

lcsaT, nod -win:;! I hey lnt:-:-rrictcd in solving the worksheet, problems , the actual 
procedures by vhtch the problems ware, solved were- changed" from- the Extended 
Precision version that MQ originally p'r assented. Thnse transformations pro- 
duced abbreviations and reor^anixstioiu; , ten-I^e, to shift the procedure from a 
t:i;-l'l.ly' specif Letf sequence of precision en Lions to more cognitlvely effi- 
cl.i.! , ,ir proeep. c ;es which can include soiv i'.'I eme'iits of estimation. 

The resulting, new versions of the long-division alftorithm appeared to be 

'A 

neither an explicLt part of the teacher's lesson plan nor inventions or. 
discoveries made independently, by the children. Nevertheless, the teacher's 
lesson plan, the children's understanding of it, and the current state pjf the 
children's arithmetic skills all entered into the process. The present 
analysis taker, into account the relationships between vro Nations in i this 

^ransf o-rw.ation prices s . snd co^nitl/- resources , -.i.e., skills anc knowledge 

i 

that each participant bi. ln?s^ to be;. .r on the current problem. 

i ■ ' ' * , 

Al|f>:rjyitlves to the Ii;-:l>jnc 7 -d ?rcc i.slon J^thod . > 

Trnl-isEorMiatJoiV.; Poll o..\-d t r .-.-.j d:i.C Cerent router, ■ drav;..^ upon different 
.aspects of: the children's arithmetic sk.nir,* One route relied upon \thc 
chi ldren's hno\;led;',e of av: ordered "Wi; of multiples of the divisor and * Wo- 
duee.l an abbreviated version 1 of the original' algor it hoi in which the first | two 
sub/yals are Bi.i.:?,ed/ This will be called the "Precision Multiples" procedure. 
A second route relied on the children's ability to perform single' multiplica- 
tions but dld.i-ot require f .-miliar ity with ordered sew of multiples. This 



lb, 
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second route led j to the procedure termed "Successive Approxinar . i." It 

k . - . I \ 

introduces an c:.:tJr.l:iti^n strategy into the first tv.^o subgoals and recruits the 
remainder procedure!;* to serve a checking function quite different from the 
original checking sub&onl. As discussed above, this procedure itself implies 
the active existence? of the long division goal which guides it. The following 
paragraphs present and analyze examples to illustrate the transformation 
processes • 

Precis j rAiltvJplgs ; Of the two kinds of transformations observed, Preci- 
sion Multiples represents a relatively -^all—but o&ver theldss significant — 
departure from the Extended Precision form and often required considerably 
less teacher/child interaction for its formation than did Successive Approxi- 
mations. One e:-:anple in whic-i this transformation did involve an extended 
* internet: I. ,- . \sequo:-::o is presented- here l:^ denipns Lra tc the interplay of ele- 
ments in the interactive process. 

Sometimes transformation processes took place within c ie problem and 
betv T »an 'one child , and the Leach-r ; ■ sonatinas a series of, problems and several 
^bfldr^n v:\re involved. The following, rw.mp :.e occurred, over three problems 
t nolVf.d in sequelae by thr'-.e d If f ernii: children, Jorge, Jenny and Tracy, 
I al.erac V i ng with the tonrher during the demonstration phase in one sm '.ll gtoup 
sess io a • 11 * 



HQ : Al.rip.hu Jorge, your problem will-' be- ... [writes the division 

problcln* "9 )W on* the blackboard] 

■r For i.y-f iv;;-* Five. . .. ' 

[writing 5 above the division brackets] Five tbch nine is . . *.? 



\ 
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Jorge : Forty-five . 

MQ: [writing 45 below the 49] jOk, and than what? 

c J 

f 

Jorge: Four. Remainder four. j 

. : j 

Jorge did overtly carry out alll the steps in the Extended Precision 

j 

^procedure, but he did report the 'results of each step; first the closest 
s smaller multiple ( forty- five) , then the corresponding multiplier (five).' We 

r 

cannot say whether Jqvge mentally genjoratcd all the multiples of nine, though 

' ' • I ' 

it is likely that he somehow abbreviated this part of the procedure. The 
teacher act<»d to maintain the Extended Precision form by writing in only^ the 
quotient, "5," and demanding the- redundant multiplication" step, Jorge^ coir.- 
plied (the second "forty-five"), iilieil finished by producing the results of the 

' subtraction and labeled it the * "remainder." Here, the overall form of 

I ■•• 

i c\ 

teacher' s » orlg Lnal "yeqo^ncc! of sr'jp.'rA" regained intact, though not all of it ±s 
over Lly 'carried out- j , 

In two fuili'ro.qv.en t pvob.1 ou\r. y this procedure was abbreviated ancl reorgan- 
lo eliminate the redundant inul ti plication . In the first of these > 

. ' ■ . i ' |""" ; 

,i ';i>r/.'; nnFivjo-r war? roughly the. saiafc form Jorge' s had beep. MQ then asked. 
Cor further :;p:ui.T at iori of the roles of those-., numbers in the alfcog^thiii 

•I . ' 4 ■ 

. sc-qui/Liee , 1:1 ii.fi time: by nreking Zoj£ I their places :*.n,t: . Jenny's answer specif ied 
the c p1 ace; .va f: not: of the*. q'lotLem: but of the r.vult.iple — obviating the need for 

„ | . .-- 

reca I cu ! auLiv the r.iu! t i plic.at ion , ThV:; , ucif sck: the firrft step towa'rd elim- 

■ k r • • . * ■ 

jnating rlv: rodimdanl: itiul t1 pi icalicyi. [MQ ■'■ha« written "7)51" on- the blackboard 
for J'qnny to solve] - 
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Jenny: It's forty-nine. .Seven times seven, 



MQ: 



Her.-? Here? [pointing to positions above and below., the division 



. bracket] 



Jenny: The forty-nine goes down under the fifty-one. It's supposed to. 
be seven. [MQ writer;- in the forty-nine and seven in their proper 
places] - . 

In. the third problem, Xracy began by specifying only the multiple and not 
the quotient (or multiplier) , specified its placement below the dividend. JjXie 
teacher accepted thi-j placement 'before any quotient was given. Only 
subG<?.cj ■* utlv — and with d little difficulty — did Tracy determine the. quotient . 
[MQ writes n 8fG0" on the blackboard for Tracy to solve] 



Tracy: Wait a minute. Fifty-six. 

MQ:- Hero? [pointing above the division bracket] * 

Tracy: There, on the [bottom. [MQ writes in 'the fifty-six] Urn. Six 

MQ: Ri>: 'times. eight is fifty-six? ; 

Tracy: \[oth-:*r children lau^h] Unit.' Seven! Seven . and four. 



KQ: 

Ok,? 



[writer, in the seven and the four in, their proper places] 



four, of the procedure has emerged. 



procedures for finding a. nearby 



At. thin point, t;h^ Pi\:« .sion Multiple: 
The redundant ch>"';?kin;'; atop In v-icrgf.d with 

■ ' . / ■ ' * 

simple division, and con]>leted before tf*r quotient * is completely deter- 

mino-.d. TIri s sequence demonstrates that the transformation process is ct- much 

* ."/.►* 
a proc-.v-ss of hoviros preparing the teacheW to teach to their navicular uvxier- 

7, ' . . . ■ \ i : 

standing of the tv-k as it is the. teaeher /preparing the novices to learn, j The 



K\ tended Precision procedure called upon jhhil dren' s knowledge of multiplies- 
tion of single di.yit numbers, 1 . The /children' s adeptnesp at finding such 

L ■■ ■ \ \ ; * 
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multiples — once called upon to do so— allowed the:n to abbreviate this sequence 
of; ope rations 'and adopt: the Precision Multiples solution. But only through 
collaboration with the teacher in solving long division problems' could- these 
children demonstrate t;hcir ability to appCy these multiplication skills in 
this way. The demonstration of reaTliness and -the development of the new pro- 
cedi 1 sequence developed together. 



In this way, one procedure led- to another. The old procedij&e . Extended 
Precision, served as a , starting point and a medium of* interaction between 
teacher and child. Through it , the teacher and children negotiated a new form 
of the procedure appropriate to the children's current -arithmetic skills and 



level of understanding. ' ^ ■ 



Succ essive, a pp r kk: i ma tlon s : In £he above example , the children drevz . upon 
_ - r > ^ . * 

knowledge of multiples of single "digit nuip.bers to specify multiples of jthe. 
single digit divisors. Nor all children effectively access knowledge of mul- 
. tlpU'Vitlon* fnr.ts; in thifc way, however Some of the children showed a 3 ten- 
d;v:!cy to start- with a likely quot/ieut rath«.u: th.au n .rju.1 tiplft. This tendency 
;•■ • ;;uj. tod in a cl'fff event lcind of reorganization. SuceessiVev Approximation.- 
']':?' c: an pic- bctlo.7 is f ro:-i the i;ai:fr- session as the mreccd i.ng examples. Here, 
Tii-^-. solves the p-roblnm "sc-v/en divided into i;orti(- n as follows; \ 



Tl A)r.i ; i : S ev e » i 4 ; im e s f 



:» u r r* \ L t • • • Th a t: ' /: no c t h c lo s as t 



\ 



supposed t*:r be q'even tin;cs five. /Thir ty^fiVe. .Four? 
four? Or , reminder , hh , f ive . - „ 



Ok, it's 
Remainder 



5. ' Fn . this particular classr.ioi-i, the. usual method of practicing mnj. tiplicati.cn 
facts was to drill, for speed .ami accuracy on randomly ordered multiplication 
tr L°pl<*.t:s : axh^c. Thus, many 1 children may not have had- pTf^ctice with /-ordered 
sets of multiples. - . „ 



-1 
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MQ: Ok, you got Uliat. 

Thomas started by stn t i .n$; a Multiplication — mu] 'lying the divisor, by 
four. Then without overtly stating its. result, he in,. ..«; a judgement about ita 
^.adc.qu "Ttint'i, not the closest." Firiftlly he , adjusts., picking a larger 

: jnul-ll pl : f . or . From his trcalr.vniL o[ thifj r.iul tipller , vo must assume that it!. is 

.dntv'pd -I ;to be the quotient. ✓Thona&'s overt respon.es suggest a 'new ' process, 

" f 

Vo. Approximation, in which the fi/ofc precision operation, is the raulti- 

Pl ! a -in the checking r;tep which follows anj estimation — finding an approx— 

\w\\ ■ •!*•. correct- quotient. 

cannot ' determine precisely v/ha t raental processes resulted ia these 
verbal products. Thomas's problem solving in mainly internal and indivifldal. 
U'^ever , " similar transforations arose in extended teacher/child ■ interactions 
which 'are more opim to analysis.. In one such cane, Jackie had written "10 R 
IV for the problem "nine into eighty-four 11 on /her vrofksheet. 

'..V' ' • ' * , 

Jackie: Oh! 

HQ: * , 01:, ^o j think T.v-yb^ you want too high.' ■ ? 

Jackie: Eight • . V71 1. : t: ' eight times eight? Eight _ tiwes. * •seventy^tVo.' 

. ' , K">« Ort, cif;I:t tiwos nine? Can you go higher' than that? 

'.TncKi.e; Eight twines nine 1*5 Til ^ Just n™^?- • tiroes nine. ••Oh! [She 
1 erases- and beg ins ^ .to f - redo trie problem- The teacher turns her 

attention V>.> Mo.iceone else.] '.' * 4 

* / ' ■ ' • " 

When interacting with HQ, Jackie dlearly chooses -multipliers without 

CirfiL dei* iv Lug tln-.i £ro-u . niultl pie? of nine, note her hesitation after specify- 
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ing the irultiplicatfon by eight. 6 This characteristic of Jackie's approach 
interacts in complex ways with HQ's instructional 1 techniques 1 with t^'s 
version of. the long division algorithm. Jackie's multiplication was accurst** 
and her multipliers were within- a reasonable range, and so MQ provided .feed- 
bflv on relative magnitude: "too high,' 1 * "can you go higher?" HQ's judgements 
arc-: based on the relationship between eighty-.four and multiples of nine, con- 
sir.to.nt with the criteria for finding a nearby simple division. But JacMe 
acted on the highe ower fc* . , .k by - adjusting the [ "iv". ne 
instead of the multiples • The net result is Successive A>:proxihu... .. , in 
which quotients are estimated and tried as multipliers of. the divisor and sub- 
sequently checked. 

As noted' above, processes of estimation or approximation are inherently 
•goal directed. Jackie's incorrect * solutions are sufficiently reasonable to be 
interpreted in terms finding a nearby simple division. MQ's responses derive- 
from a more tightly cons trained version of that goal than ir. available to 
Jackie alone, though Jackie's and HQ's goals overlap in their attention to 
magnitude rcln'tioiishtfps between multiples of the divisor and the di/ided. 
Bec-'u-e of this overlap , MQ needed OnJ y to express relational moves, providing 
external guidance which monitored relationships between the dividend aiyd-thp 
outcomes of Jackie's actions. In this way, the goal itself ,is made clear 

through the procedure to attain it. This procedure, however, is Successive 

' ' ** * 7 * 

Approximation, not the Ext*i:ded Precision procedure. 



0. As noted above, processes of estimation or approximation are inherently 
goal directed. - " - * . 

■' l\ Looking nt the beginning of this interaction , we can see possibilities for 
further reorganization regarding -this checking procedure- Jackie had already 
written out a complete, though incorrect solution. In it she had bade * an error 
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. In this and oth#r examples observed throughout these sessions,, a 
'transformation to. a Successive A; o:imaticm procedure began with„a child'.s 
tendency to specify a quotient at the outset which, if not correct, is within 
a reasonable, magnitude" range. 1 Errors by children using this approach led to 

correction effortsvbjr either "the child or the teacher which focused on rela- 

• * >- • 

•tionships which specify the goal of the exercise. " , '■«. 

These results illustrate that the form of the teacher-child interactions 

vary with different children artd^that these variations depend as much on the 

* * ■ . 

child's approach to the procedure as on the - teacher's initial presentation and 

follow-up i- The development of thejse interactional forms takes .place through a 

complex interplay of factors involving, division of labor .on the task and 

f mutUo*\ interpretation of respoifsefs and directives. These variations in the 

form' of interactions, are i !Istinguishable from variations, in "the form of the 

t """" 

procedures 'which are the content of the lesson. 

Cr oup Pi f Tere n ces in Inter action 

Our analysis of the' tcaallo.r-child interactions^ shoved that there were 
important differences in the f ov v.ybf these interactions 'atfross groups, these 



\ 



in a presumably familiar operation", subtraction, wl^ich masked an error in the 
Quotient stc.e 'where her- multiple violates the "smaller than 11 criterion withr 
re^p^ct ?••) the dividend. KQ pointed out the subtraction erro^ydn o£der to *un-' 
ma:.ik the: division error. This moved the process of checking >the adequacy of 
the multiple, .which vrrs originally part of the Quotient st£p, to the subtrac- 
tion inVtho Remainder' step. Subtraction now takes on a .new functional signifi- 
cance within the Ia**ig division procedure. It. has become part of the chock for 
the "quotient aa well as § a way to find Jthe remainder. This use of subtraction 
is not exploited further in- this sequence, but the' .ul possibility for doing 
so is clearly present. ' 
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Table 2 



/ 


Solution 


Processes- Character iziftg 




/ 


Observable 


Teach'er- 


-Child 


Interactions 




Groups — > (highe 


st) r 


2 


3 


4 


5 (lowest) 


Solution 




• 


- 






Processes 


*■ ■ 










Extended 












Precision 


3 ' 


P 


0 


2 


4 




25% 






17% 


40% ■ 


Precision 










Multiples .. 


5 


1 


6 


10 • 


6 : - 




42% 


25% 


• 43% 


83% 


60% 


Successive 












Appro,: im at ion 


4 


3 


8 


o 


0 




33% 


75% 


57% .. 







Absolute frequencies of , each observable occurrence each solution 
procedure are show in the upper portion of each row. Percentage^ 
shovrn below each "frequency are calculated by dividing ; frequency 
for each category by the total number of. observable so >ns for 
that category. Only those solutions achieved through t« . ur-child 
or child-child interactions are' Included in this table* 
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differences arc displayed in Table 2. The Precision. Multiples solution was 

observed in- all ability groups, though not for all individuals in any one 

- ° • 

group. The Successive Approximations solution was observed only in the three 

groups ^ighes.t in arithmetic achievement. Finally* the Extended Precision form 

• .t 

* 

of .the long division algorithm as it was originally ■ presented often reappeared 

■ » * 

in the 'teacher-child interactions in the lowest achievement groups, but very 
vav&lf in thGrhighest ones (dffter the teachet's initial" presentation) . 

In -all groups', some children .showed sufficient familiarity with arith- 
metic ' facts and the long division algor .-hm" to provide appropriate, and eff- 
cicnt sequences of numerical responses similar to those presented * above an 
examples of the-. Precision Multiples solution.,. Children iji all groups made 
some errors , hov-jver . . It was the teacher's and chilr' en's efforts to resolve" 
.these errors which produced variations lit the form of ' the problem solving 

inter actibns across groups. 

« r ■ 

The Successive Approximation solution is 'an example of error resolution 
which occurred with relatively high achieving children. As shown above, the 
errors tb.:t: high achievers produced usually bore a sufficient resemblance tc 
the" correct answer to be inter pretnble , and so correctable by the teacher. 
That is, the teacher could specify so;:ie parameter by which the child s solu- 
tion procedure could "be "corrected: try a lower number, get closer, etc. With 
the lowest two groups however , children who did- not produce correct answers 
either* remained silent or gave answers that were not readily inter pre table in 
terms of the goa'l 'structure of Ion?, division. Khan this' happened, the teacher 
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resorted to the original/form of the presentation of the algorithm, guiding 



the (MvJrhr through it step by step. The following examples I .vstrate i:his 



V 



process . 



\ 



r 



Iivj:he_^Gcond . to lowest ^achievement group, three fc of the five children 
whom the--teachcr called upon were , able .to provide precise numerical solutions 
with little'pr no discussion . Two^oth .hildren \n.d sorap difficv. Joel's 
attempt illustrates the form that the teacher-; d ^interaction' took when the 
...qhild provides no initial input." [MQ writes fl 7^5T ^, the blackboard .for Joel 
to solve. Joel i« silent for softe time. Other's occasionally mutter that 
they know how to do it.] * . ' 



MQ: Seven times what has an answer that's close to fifty one? [no 
response] Tsry a number. How about 1 seven times three? . 

Joel: No. , 

MQ: - Seven times four? , *; 

Joel: No. v 

MQ: Seven times five? ' . 

Joel: tfo. , 

r i » 

MQ: What's seven times six? , - 

-Joel : No . • 

MQ: 0k > hov about: seven times seven? „ '■ 

Joel : Yes ■ «■ 

MQ: ...or seven times eight? , ^ 

Joel : Ye.s . „ " 

MQ': Wfciich or.e <|o~you think It should be?. 



197 



Final Report . NIE-G-78-0159 

• ' -• 198 

Joel: Seven tiroes eight. - * 

MQ: Ok, v;hat's seven times eight? \ ■ 

Joel: Fifty-six. ' 
MQ: . Fifty-six*. Is tha.t too big? 
■ Joel: ; Yes. ^Forty-nine. Seven times seven, 

MQ: Good* Seven times seven is what again? 
Joel:' Forty-nine. * - 

Here, Joel's yes-no judgements and his numerical responses indicate that 
his multiplication is adequate to carry out the *steps of th procedure once 
•the teacher specifies them, but he 'contributes almost nothing tfiat is not 
asked m for* Though M§ -began by using terns which suggest an estimation stra- 
tegy,;"Try a number," the interaction results in the complete .Ex traded Preci- 
sion procedure close to its original form. Joel's yfes-no responses to HQ's 
"How about*.. 11 questions show that he does have some. grasp of the .criteria! 
relationship's between, the multiples and the dividend, but he failed to estab- 
lish this as &r. area of agreement between himself and the teacher at the 

outset. 

• » » 

This performance may have affected other children in tfcyc group. The next 
child. Candy, began' the division "four into thirty' 1 by stating the multiplica- 
tion "four times two equals eight," apparently initiating the full f«vrm o% the 
Extended Precision procedure. Tl^ teacher then "folic /ed along by helping her- 
through the entire sequence of multiples of four. 



f 
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The low achieving chi'i -'..-en sometimes irtade^ initial responcs-^ that v/ere. not 
easy > interpret. In ■■£■ lowest achievement group, d'ur j. g the worksheet 

■ . ' ' . ' - ...... «../. . 1 

phase of the session, Eric had made spme calculat' » errors and an .error it 
the placement of the' results of his calculations. Because of these errors, he 

had written "sixteen remainder one" as a solution, to the problem "three into 

? • , . ■ » . 

seventeen." . .. 1 . 

\ 

MQ: ^ What number tines three is sixteen? f . 
Eric: Hmmmroiiimmm • * 

MQ: I think you better think this one again-, [The teacher erases the 
sixteen,] Think of your three's tab!. -a. What number tives three 
has an answer that's close to seventeen? 

Eric: [No answer.] 

MQ: Let's 30 for Dur multiplication, tables. Three times one?. * 
Eric: 'Three. [said " ;:ith a sigh] , 

Eric and MQ then proceed through the 'entire multiplication table to com- 
plete the. Extended Precision form of the algorithm. We have seen repeatedly 
that MQ resorts to this extended procedure when children provide no interpr^.c- 
able responses in approaching these long division problems What* is the func- 
tional significance of this procedure that the lo^rer ability groups are so 
often 1 exp'osed to? * , 

, Differences . in the procedural transformations adi*>ss achi evement ■ groups 
consisted of the uneven distribution of Successive Approximation which 
appeared only among the- higher achievers, and the relatively greater frequency 
of the Extended, Precision lorm aoirrng' lower achievers. -Though groups had been 
formed primarily on the basis of arithmetic computation skills, difficulties 
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with multiplication facts cannot entirely account for .these differen ■ in the 
form of the interactions * Higher achieving children .were not always very 
accurate in their, arithmetic-, but they often showed a concern for monitoring 

the critical mmier: "\ relationships within the algorithm- •''One striking exam- 

■ \ „ • - . 

pie was a seque-vtu- with Matt , one of .the children in the highest achievement 

% ... 

group. The follotd.ng excerpt from thie demonstration phase of one small ^ group 
session shows that, though Matt's multiplication skills were . deraonstratab^y 
-weak, ha majiaged to present effect 1 goal directed behavior as* "well as „ to 

■ ' ' - * ■ - ' - ' ■ 

suggest competence 'in multiplication, by expressing relational judgements. 
■ . c , ■ 

* , * ". * •* y 

[ftQ writes 7)52 on She blackboard for Matt to solved m . 



MQ: Fifty-two divided by .seven? " / -\ '* ^ ; „ 

I-Ja*£t:* Seven times ...eight?.. - 

MQ: .is What? [shushes the other children] Come on,, you guys.' Let 

• him try to, figure it 6ftt.'' % * 1 ' 

Matt: [pause] It's over-. % [pause] Severn times ;>j.x. t 

,MQ: Seven times six' is what? „ * 

Matt: For£y~cight . . .f or Ly-two? 

, MQ: .J ? o>rLy~two. , Is that as close a,s yo.u can get? ^. 

tfatt: .[shakes head ^no ,, l ' - m ' • 

MQ: . Can you get close.*? ■ ; 

Matt: Uh huh. I^yes"]' i . *■ ... * 

MQ: ' Let's try to get closer. * 

Matt: •can have six,' eight times six but that's /•???/ 

MQ: /It's gotta be/ times seven. It's gotta be times seven. What 
times seven? N , 

a 

Tony: It's closer to nine* „ " v ^> j v . 



k . . - Zu u 
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. . • , 0 . k . - V ' 

t .MQ: . Seven- times . ..sirf times' s-evfen was forty-two.-- Let's try the. 'next 
, .« ^ - .^highest one/. , x ■ .... 

•• • v Chid: -Seven • > a ' ^ • . 

MQ: , What's seven** times -seven? \ ' .. ; * . • t "■ 

Matt: " Don't know. 

MQ:, /Forty-nine/ « 
■ • ' - ' *. • * 

. Chid: 1 /Forty 4ri;ine/ • . * • ' ^ 

MQ: . That's as c as. you are going to'get. If you f 0 --eight ' times 

seven is fjL , r>±x and that's too big. [on the bla.. »>oard, writes ; 
in the seven as the answer and forty-nine fcelou the fifty-two] 

In spite of his difficulties with multiplication, Matt nevertheless 
-establisYies . the . Successive "Approximations trans formation. The interaction 
which achieves this, however, is quite different from the sequence with 
Jackie., pree'smt^d" above. Jackie ha:i supplied numbers guided* by "MQ's <Hxp*~ . 
tives concerning relative magnitude. Here, Matt does nost of the monitoring 
of relative magnitude while MQ and other children supply ' most- V£ the o numbers. 
Matt's "It's over 11 establishes the "nearby simple division 1 . 1 , goa.l, permitting a 
cooperative effort with ^thers who shared overlapping versions of» this goal. 
* Wi'th the. goal well established in the interaction, Matt's "eight* times six" is 
also interpreted as /an etroneoua variant: of^ this search, and MQ 'simply brings 
him hack to the corredt procedure. i m % 



/ 



•8* Note also that the sequence with Jackie tcfok place duriug a worksheet ses- 
sion in .which her own written work included an erroneous subtraction , making 
possible further *transf ormgtiens of the procedure. Note that such- a subtrac- 
tion would not have arisen in the demonstration phase of the\ lesson wl\cre the 
teacher characteristically, would not write ineor.rect responses. Tile p9i1.1t is 
that many of Lhe seemingly incidental aspects of a setting can affect the 
dynamics of an interaction leading to significant differences in cognitive 



outcomes . 
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In, spite of* 's obvious difficulties wifc^L-ouilti'pl lotion, MQ never 
resorts to the full sequence of *muitip.lipati-i'\ of -the "Extended Precision o~ 
•c^dui-fc. The' function of the multiplication , ,uence in the Extended Preci Ion- 
procedure 'is not simply added practice in^aultiplication tables., nor is it 
necessarily presented as 'a fool-proof way of doing long divisions. Its func- 
tion\ is explicative, demonstrating important functional relationships between 
multiplication and division. Matt has already established the consideration 



ioW re\ 



of those relationships by his initial responses. 



7 



/ 



Discussion 



"Tn this analysis, the teacher and students are seen as embedded in a 
functional system which itself constitutes a fundamental unit of analysis. 
The observed t I'snfcf afp-ati! o:i- processes described above characterize these func- 
tional system^ as % self-modifying — altering their own functional properties 
ttirpugh processes internal to the system, though not entirely internal to any 
one individual within it. This conceptualization points to alternatives to 
the usual way cf dividing up lesson episodes • t While we recognize . the impor- 
tance of studies which analyze Individual cognitive processes and learning, 
this discussion explores, other mode:; of analysis - to reveal neV/^a^pects of* the 
dynamics of instructional interaction, How' can we character! :;e these func- 

to capture at least some of the espsentidlN * principles 



. titfnal systems/, in order t 
by which learning occurs? 



The interactive learning theory identifies a lesion episode asU a f 



func- 



tional system contained w.tthfn an institutionally organized sett 

/ ■ . »■ ■ ■ '• 

our lesisoiy'on long, division in a classrooviV in an elementary school. 
. tional system produces the performance, we observe whflc* the setting p 



v 



x .e • 



The f utic- 

V ■ 

rovidas a 
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general specification .of the goals which coordinate ; ■ a.etions. TfrLs • ; 1 a- 

9 * 

tlonshij) between netting and shared expectations an<f goals ,is\ develop' ' by , 
Murtaugh^et al (Lave, Rocha, & MurtaugK'J 1983). , 



The role of goals is critically .important here* The setting provides 

* ' l ' v-. . " m * ' 

goals which are held in common by the. several* .individuals 'within the lessonV 

■ o 

episode. By holding common goals', the various participants are able to ^©ctoj- 
i -.-icate. That is, the institutional jsjjt ting ; "sets up." individual cognitive 
processer^jLn a way that- affords them acpessSto" each* other. At the outset of 
the lesson analysed .above the institutionally established goals of learning 
long division I'y demons brat ion and practice* are 'in some general way guiding 
the child^e.n' rJ and teacher' ss .-inter pre tat ibn of each other's products. 



0 ^ ' 4 

Within the functional jsystem , three mMn components can be identified:-. 

' * * * " . * \ 

background .knowledge, though t of* as: a s poo| of 'multiple competencies brought 
into* the episode by the novices and /or expert; products which are writing, 
aural statements, actions or other presentations offered by the various parti-; 
cipants, and a pontinuotfs process of interpvativ.e interaction between v novice 
.and expert which -relates old knowledge Lo new procedures. t Though we make* 
these distinctions, the three components are not equivalent typ^s . Either the" 
background 1 knowledge or the, -products can exist independently without the s\ip- 
port of the current functional' system. -But the interpretive interaction is 
dependent" upon the availability oi the other- two components as velLas^the 
fundamental organizing power of the setting* . . ( - , 
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Ou analysis* reveals a cyclic relationship among the t]jt*e ■ components* 

. Background knowledge and products both enter")into the interpretive interaction 

and- are modified -by it. Since it is 'distributed across individuals, the .whole 
» » 

body of the available backgrounds knowledge is not immediately accessible by 
any sing]fe individual^ though pieces of it are made visible' by being drawn- 
into the interaction. Products arise within j;he interaction and once produced, 
arc available to all participants as objects ofXdi«tussion v In modified form, 
both background knowledge and products re-enter the interaction in continuing 
cycles,. We have seen that MQ's Extended Precisio£ procedure is the * key pro- 
duct which initiates the lesson sequence. It depicts a procedure which embo- 
dies important relationships and constraints .while drawing Qn routines fami- 
liar to the students. "But the Extended Precision .procedure cannot not be 
tal. n literally as. a definition of 'long division. It functions as a: starting 
point or a qoutext, specifying intermediate goals and routines from which 
higher order goals and now procedures which sejrve them are derived* 

* The critical proces.sbs "f or change occurs In the interpretive interaction. 

• • - ** j 

Here, participant^ interpret each other's products in terms of their own ver- 
slonr; of commonly held goals . But since individual versions/ of these goals do 
aot overlap completely ^such interpretations- arc oftf-n askev/. . llhen this hop- 
pttii*,* -individual participants *Vi ay try to "adjust other rS actions) to bring " then* 
In line with what; he perceives <i£_l:ftc common objective. Tho nature of these 
adjustments provide iivf ^rmntion for the otherwise inaccessible- goals of the 
individual doing the interpreting. /This" combination of interpretation (inter- 
nal and individual) and' adjustment (external) has'besn termed. * "appropriation" 
(LCHC, 1982) f It forms the basis' of tho. mechanisif by which individual goals 
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arc broij, ■ into - elisor correspondence . ' vrtien such adjustments call upon the 
backgrouv knowledge, of other individuals, then this process also results in 
the rcor;-. : ' zx tion of that Ivaovlcdge. 

Wc'have documented niruorous instances of 'appropriation - in these small 

// ' 
group sessions. When a .child's actions can bo. in L^.rpreted as an attempt tc, 

/ / 

achieve the proper goal, tty£ teacher acts to adjust these actions by maintain- 

• ' • ' ' 

in< higher order cons traints * The teacher' s higher order goals coordinate the 

' V 

relationships: for example; multiplication becomes structured as sets of 



child's products and bring familiar background knowledge into new functional 



ordered triplets, integer multiples take on significant magnitude relation- 
ships to other integers, and so on. This results in viable long division pro- 
cedures which are modified by the interpretive interaction to fit the particu- 
lar .characteristics of the- student's b^ck^round: kno\:j\^ge , while at the same 
time" imposing ncv? organizing principles . on that background r^iowledge , 

The importance of., the student's actions is brought 'out by tha instances 
observed where students gave no products or uninterpretable ones. \At these 
-Junctures r the teacher reverted to*" the Extended Precision procedure to\re- 
establish a basis for interaction— -an intermediate content based on familial 
routiner arid goals from which to work. - This move suggests that more Inatruc- 
tion titnev7i.ll be required for such students* It is important to realize that 
this 'is not necessarily an error oh* tile part of^ the teacher. Nevertheless,- it 
is' "also important to understand that there can be many reasons for a child's 
failure to provide adequate feedback to the teacher. Such reasons could 



9. This is the way Jit is supposed to work* The process can break down in a 
multitude of ways, however , possibly loading to ever diverging goals* This 
results in such remarks by educators as "I'm loosing that student." 
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involve background knowledge, men tal. capacity , emotional pro;:; .--sns, or matter;- 
which, are social or ■.:idental--as for exarap" a temporary mlsuricjer standing - 
In 'any case, without interpretabl- productions by the student, the teacher can 
only gu?.ss at the appropriate ne-\„ -ove. 

Conclusio ns 

) • 

V7e have depicted functional systems as information processing systems * 

which con train individuals within them., These are nesteck units of analysis. 

The functional system is nested within the setting (which is nested in turn in 

larger cultural units), and individuals-— proper units for other analyses - are 

nested within the, functional system. What is important is the continuity 

i 

between nested levels. The way the functional system processes information is 

critically related to the. processes go 1*3 on inside the individual:;, and the 

way that information is processed by the functional system as a whole ~modi~ 

" fies, sustains and adjusts processes goin* on within the individuals. In an 

^ important sense, -then, in tr a-cub j cc tive . and intcr-oubj active information 

processes are continuous , f though the physical mechanisms which sustain them, 
i 

are. not. 10 % ' . . 



10. These Arguments r.nkc it clear that this kind of learning is interactive In 
two senses. It occurs in interaction between individuals, and it consists of 
an interaction between top-down and bottom-up processing •. The top-dov?n 
processes are supported by. the setting which i-iakcs possible the agreement upon 
common (or overlapping) higher order goals, in thiv, case, to learn some kind 
of arithmetic called long division by demonstration as.d practice. Prerequisite 
elements - intermediate goals and ■ component routines - are assembled in. a 
botto.a-'up . way though coordinated by higher drdur goals. All of these 
processes are sustained and synthesized in the interpretive interaction. 

* 
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We have seen that: the process of instruction cannot be reduced to direct, 
transmission of knowledge, nor are creative learning processes necessarily 
entirely internal, to individuals. This stu'4^ subs t^rnt«*i:es Anderr** *s '(1902) 
conclusion that procedural knowledge is not. Acquired directly- "I^r/ruction in 
cither dec 1 . ara.tivo form — as in Anderson's e*-crfy — or in procedural fo.rm— - as in 



the present t study -requires interpretive p*c>:esses In^which previously exist- 
ing procedures pai. ..icipajjie. However, the current study shows that a great 
deal of this interpretive work is done inter-subjectively and results in the 
acquisition of new. 'goals as well as new procedures b) the novice. The 
observed* instructional ^^isodes , analyzed with reference to . the Interactive 
Learning Theory, show a constant interweaving of internal, individual cogni- 
tion and inter-subjective processes in which the form of. what is learned and 
process of learning are mutually constituted between, teacher and student. 

& ■ « 

This process, however, is critically dependent upon some level of' shared, 
overlapping goals, for it is these that allow individual' s to interpret -each 
ob^ejf's externalized oroductH. This coordination is, initiated and sustained 
by institutionally' specified goals. That there can be roughly corresponding 
goals. defined "by, Institutional settings depends, of course, upon the effec- 
tiveness of socialization and acultur-ation processes in the histories of the 
individual's who meet there. Thus there is a continuity between cultural hls- 

tory and individual cognition which cannot be ignored/in any instance of 

. ' ' j ; ' ; " 

instruction. The teacher and students * simply must have some idea of what- they 

, ♦ * * , . 

are all doing together 1 . 
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A system this coinplos is bound J:o' be richly eudouecj wLth possibilities 
for breaki. d:>v:u Sev of* those possibilities e currently under inves- 

tigation by -the LGHC tcai:; Uee LCHC, 1 582) . Their -.stigat of learning 

disabilities has showp the importance o ■. socialization aud social skills for 
the ability to learn from otl u It is hoped that this paper can provide ,.a 

■>] ^intogrutlns investigations into the great 



framework 



• fit rue tur in" 



variety of loci J. jr. possible learning' difficulties, as ;:?.il-as to shed 1-ighU 
on normal learning process. ' ■ - 



v 
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CHAPTER 7: 
CONCLUSIONS 

' " ■ . / 

This report, addressed to the broad audience of cognitive scientists, 
takes an approach that is fundamentally different from the mainstream of that 
discipline- Because our topic, is education we have? not isolated the mind of 
the learner from, the cultural tools and the culture members involved in the 
activity of instruction. Instead, we have located the process of learning in 
the interaction between the learner and the cultural elements that are both 
r^he means and the topic of learning. Our thesis is that- an explanation of 
learning must include both an account of the changes in the social interpreta- 
tion of the child's initial responses, -and an account of the transformation of 
cognitive activity from the inter- to the intrapsychological planes. Our 
method in the project we have reported was to create learning environments in 
a variety of social settings in which we could model the process of change. 
Putting tracers in each of the settings helpeld us to make the cross-social- 
setting comparisons that are essential for understanding the interactive 
learning processes. 



Pinal Report . \< NIE-G-78-Ci59 

210 

* * 

' w Implications for a Cognitive Science of Education 

Our observations and analyses of activities in the laboratory and class- 
room settings lead us to three conclusions. First, learning in interaction 
involves a process of appropriation in which the teacher interprets the 
child's responses^ in terms of her own analysis of ; the task. This process 
works off the assumption that the same action or object can be simultaneously 
from two different points of view. The appropriation of nonuniqiiely dnalyzable 
objects is both a source of creativity and a problem for researchers attempt- 
ing to make statements about cognition. Second, learning in interaction 
involves a zone of proximal development in which the teacher and student col- 
laborate in undertaking the task. The zone provides for many divisions of~ 
labor and sequences of instruction. Third, designing instruction is a matter 
of creating systems-of social interaction. 

Appropriation and Multiple Analyses 

We have seen many cases in which two people in interaction have different 
understandings of the" task or situation. Multiple realities are not neces- 
sarily an occasion fot miscommunication but a necessary part of any ,social 
encounter. The limits on successful communication are not determined by the 
participants having identical analyses of the situation (if that were^t)ie case 
communication could^never occur) but are determined by the possibility of the 
participants appropriating eacjh others* actions. The appropriation process 
does have important limits^ which have an important- Impact on both research and 
instruction. 
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The limits of appropriation can be seen most clearly when a child gives 
an "inappropriate" response. Recall the difference between Jackie and Eric in 
the long division lesson discussed in Chapter 6. Jackie, the successful stu- 
dent, made an error in computation but one that was interpretable. as an wrong 
answer to the task at hand. Eric, a student in the bottom math group, wrote 
down an answer that was so entirely out of the ball park that the teacher had 
no recourse except to back up in the/procedure to a point on which she had 
some hope of finding common ground with Eric. When the child makes a mistake 
on the task, the teacher ban work with it. and show the child how it is "am 
error; Wher the child is doing some task o ther than the one the teacher 
expects the children to be working on,, the teacher ^annot show the child how 
his responses could be improved. 

The teacher's capacity to assess the child will depend upon her ability 
to appropriate the child's responses. A teacher may, of course, be mistaken 
about the child's response. Eric, for example, might have accidentally pro- 
duced an answer that had the appearance of an interpretable mistake. The 
teacher's appropriation of that response, however, would not be interpretable > 
to Eric and the interaction would break down or be otherwise unsuccessful. 
Working such an interaction through to an ultimate success would require con- 
siderable concentration and individually focused effort, commodities that 
teachers seldom have in a classroom filled with ^5. other children. Conse- 
quently, the mainstream children who are doing the task in the "appropriate" 



manner, receive instruction and the children like Eric are left behind. The 
teacher s coding scheme necessarily breaks down in the face of children who 
are not doing the task as the teacher understands it. 
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Researchers attempting to code classroom processes' are in precisely the 
same dilemma . Coding schemes, especially those which are done online, favor 
the children who are analyzing the task in the same way as the researcher and 
teacher. As we show in Chapter 3 standardized coding' schemes appear to give an 
valid picture only for some off the children. In this respect; however, teach- 
ers have some important advantages over the researcher attempting to code the 
children's behavior, The teacher can interact with the children and thereby 

find out if her appropriation of the child's response is interpretable to the 

- ' -"I 

, child. The researcher has no such check on the outcome of his coding. The 
coding schema necessarily assumes that the behavior is uniquely analyzable^ an 
assumption that can lead to dangerous misappropriations of children's behavior 
unless s/he can arrange experimental conditions which help to check on what 
the child is really doing. The teacher also has a longer history with each 
child than does the typical researcher. Throughout our work in the classroom 
we were continually impressed with the richness of the knowledge* that a 
teacher, builds up over the course of daily interactions with the child. This 
vast knowledge' of individual patterns considerably increases the range of her 
well-grounded interpretation of the children's responses. Without this 
knowledge < for example, at the beginning of the year or in cases of rapid stu- 
dent turnover) the teacher is in. a position similar to that of the researcher: 
she is far more dependent on normative expectations. Those expectations 
almost invariably fa,vor the children from the mainstream and majority culture 
and render the/ other children's responses uninterpretable <or, incorrectly, 
"wrong") . / 
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Appropriation is not limited to cases in which the teacher and child have 
the same understanding of the task and its solution. As the examples 
throughout this volume have shown, children can learn new goals and ways > of 
doing things when their responses are appropriated into a system of which they 
were not previously aware. Because the teacher interacts with the child 
(unlike the researcher who simply miscodes the behavior and leave^) the child 
can learn retrospectively what his response counts* as in the system as under- 

stood by the teacher. 

( . 

In education there is an attempt to teach children to identify and solve 
tasks when they arise in contexts outside of school. We suspect that the pro- 
cess of appropriation is instrumental in achieving the creativity necessary 
for tackling what we have called the "whole task", that is, being able both to 
formulate the goal and to come to a solution. For example, the providing 
opportunities such as found in the combinations of chemicals task in which 
children were allowed to discover a task in the course of doing some" self 
motivated activity is an important kind of experience for children to have if 
they are going to learn how to apply what they know to new situations. They 
will not learn to transfer if they are always presented with a ready-made 
task. .A teacher's retrospective discussions are also a crucial part' of that 
experience. For the children who did not formulate the task themselves , such 
discussions are an opportunity to see that a task had ^en potentially in the 
activity. The process of appropriation stands in for the child's self 
discovery and displays for the child how the task and his response toV it » looks 
from the perspective of the teacher' s analysis. We believe that appropriation 
is a quite general process that can account for the emergent creativity of 
social interactions and the growth of flexible expertise in learners. 
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The Sequence of Instruction In the Zone of Proximal Development 

The essential counterpart to appropriation is the zone of proximal 
development as formulated in the work of Vygotsky and His .students." 
Throughout tt)is report we have shown examples of teacher-child interaction in 
which the task was divided between the two participants and in which over the 
course of the interaction, the child came to* understand^ the task and to do it 
more competently and independently. Our conclusion from these observations 
concerns the tremendous flexibility that we find in the system^ The ZOPD (as 
we call it) is in no wgy a mechanical transmission of predefined task com- 
ponents from^the teacher' s role to the child's role. The appropriation pro- 
cess, for example, makes clear that the child's role may become reorganized 
during N the course of interaction as it becomes more and more under the control 
of the teacher's interpretation Q of its significance. 

The flexibility of learning within a ZOPD extends to the sequence of 

tasks that defines/a curriculum. There is a strong tradition in developmental 

psychology that is^reflected in' the assumptions^ of many educators as well that 

cognitive change in any domain can be specified in terms of a hierarchy of 

levels, stages, or tasks,. The notion of a learning hierarchy as popularly 
1 11 

interpreted implies that educators can construct a curriculum consisting 6f 
a single best sequence of . tasks going from simple to complex that will optim-" 
ize transfer and not leave any gaps* in the skills required f or / later tasks. 
The ZOPD notion, however, provides an interesting alternative to that asstimp- 
tion. Where a task is being carried out interactively between an expert and 



11. Gagne (1968) is carefulX^o deny that his ^experimental findings imply that 
there is any generally applicable single best sequence of tasks. ° . 
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' novice, the components. that the expert takes responsibility for may be "higher 
level" or * "lower level". The expert may take charge of the executive deci- 
sions leaving the lower level operations to the novice or, alternatively ^^the 
expert may allow the novice to make the difficult decisions agd give support 
by handling the mundane details that jiight otherwise distract the novice from 
the higher level thinking. The latter approach has been suggested as .a method 
A for teaching writing (Bruce, Collins, Ruttin & Gentner, 1982) through tasks 
which involve ordering sentences and paragraphs. The teacher (or in recent 
implementations, the microcomputer) provides- the' sentences and the child's 
role is to consider the higher level text structures involving topical coher- 
ence. • 

t 

Our own observations suggest that in many cases the notion of higher and- 
lower levels may be misleading. Take, for example, learning long division a 
prerequisite for which, it is commonly assumed, is mastery of the multiplica- 
tion facts. Children in the lowest math group entered the set of divisibh 
lessons with little command of the basic facts. In Chapter 6 we saw that the 
expert successive. approximation strategy? did not emerge in their interactions 
with the teacher. The relationship between the lack of math facts mastery and 
t^eir subsequent failure to learn long division is far from straightforward, 
however, as: Chapter 6 makes clear. Two anecdotes reveal further dimensions of 
this relationship. One member of the lowest group, Margaret, discovered that 
the multiplication tables printed on the inside cover of her folder provided a 
very effective substitute for her memory of 0 the facts. The tables were par- ^ 
ticularly effective when working on long division because they yere ordered by 
multiples allowing her to scan down the tdble to find the particular multiple 
that was "close to but not bigger than" the number in the question. Using the 

...» . _ ■ * . 
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table, she was able to complete^ long division problems. In the proceiis, she 
also learned something very important about the structure and function of the 
multiplication tables., Another child in the same group, Mark, found- the long 
division task very difficult. One day at 'recess after he htfd been working on a 
seat work assignment the teacher found him very upset about the fact he \iid 
not know his multiplication facts. ^ He could see tHe relation betweten ^the 
doing the division algorithm and knowing the facts and, for the first /time itf 
his school career, became determined »to wor^k on memorizing the* facts. / We do 
not want to deny that having automatized knowledge of multiplicati/on facts 
helps' children iri learning the algorithm. We want to point out, however, that 
it also works the other way. Confronting the algorithm also organizes and 
motivates the math facts. The facts and their organization are giveti, perhaps 
for the first time, a clear function. We can thus suggest that the algorithm 
could be used as a way to drill and practice the math facts provided that in 
th£ initial phkses of working wi*th the algorithm, written tables were made 
available to the children. The standard sequence of math fact/s tjien long 
division is a necessary sequence^ only where ther tasks are°copceived of as a 

. \ '^V \^PP^ ' mm 

series of individual accomplishments, u^der conditions of- an £xpfert providing 



support for the "lower" level components 9k the child may profit by a reversal 
in the sequence. At least, it should not automatically be assumed that 
failure to learn- a complex algorithm dndicates~"the need to do more rote work 
on the basic skillsT^A^reordering such that the * higher level actions give 
functional significance to the lower level operations may be far more .valu- 
able. ••> 
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Designing Instruction 

We began this report with a discussion of its relevance to .Cognitive Sci- 
ence. While the mentalist'ic assumptions that predominate in much of that dis- 
cipline are contradictory to our own position, we nevertheless consider . our 
work to be part of that effort and-.these chapters to be a contribution to it. 
Where we do resonate strongly with current formulations of Cognitive Science 
is in the notion of "artificial" systems (Simon, 1961). Research o n education 
is also a science of the artificial in that the study of how educational 
interactions work can never be far removedfrom the task of engineering them 
to work better. Thus we will end this report with a set of practical • recom- 
mendations for education that . follow very directly from our observations and 
analyses. . \ ■ ' ' 



The underlying theme of ail -our- recommendations 'is., that" designing more 
effective instruction „ involves designing , systems of social interaction and 
social organization. Better textbooks or better microcomputer ''courseware" 
will be only as good as the multiple settings in which teachers get theri to 
function. For example, the new domain of "intelligent computer aided instruc- 
tion" (ICAI) , a notion that is very popular among cognitive scientists, is 
usually thought of in terms of constructing a stand alone machine that will 

o » ' 

replace the teacher for instruction in. its specific domaiii. We have triecH in 
this report to emphasize the complexity of the teacHer-child- negotiation in 
the process of appropriation. Efforts at designing ICAI will benefit from 
careful analyses of how concepts emerge in the teacher-child interaction. But 
current computer systems are actually quite far from being able to perform the 
feats of sensitive interpretation performed routinely by human teachers/- A/ 
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recommendation that follows from our research .is tH^t the design of ICAI 
should not attempt to replace the teacher but rather it^should set the machine 
up as, a tool that mediates between the teacher and the child, jzi In, that way, 
the human teacher can still act as the . interpretive expert appropriating the 
child's responses into the terms of the machine and helping the child to 
appropriate the machine as a new tool for learning. Our recommendation, how- 
ever, requires that 'the designer of the inachine'be sensitive to the socially 
organized settings in which the machine might function in ' the classr6om. It 

would not stand alone. It -pould -be integrated into a setting in which it had 

"* * * 

a functional role. 9 ^ 

Conclusions Regarding the 'Broader Issues • 

• / 

In the previous -^section we summarize our conclusions in ie terms tha't 
occupy us as scholars and theoreticians. In this section we repeat those 

points in the m terms that we think of them as citizens who are also scholars.' 

.0". * ■■ 

we „w^nt to return to the broad questions that got us ,to come to NIE several 
years ago to ask for support and suntaarize what we think we' have learned • that 

,* ■■; •. ■". # " - 

may be relevant to the staff of the institute and other policy makers who look 
to research for guidance. These remarks are extrapolations, in some ca&esV 
fr.om the facts at hand. But in each case we asked ourselves, "Vlhat general 
conclusions about -kids and schools have we arrived at? 'What experiences led 
to .ithose conclusions? What data do we have to 'support those conclusions that 
we can show to others as warrants for .our conclusions?" In each of the' points 
that follows, we will briefly point back to the source of our claims. 

' ' * > " ■;"..."«. >' "'' 

■» 1 . Coding schemes as . process measures of ^ eclugation . It makes good sensd 
for educational planners' to seek ^objective data about classroom events to help 
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in teacher evaluation, curriculum evaluation, and a number of issues that 
revolve around the core of the educational experience* But there are theoret- 
ical limits to what can be expected from on-line "process 11 measures of educa- 
tion. Over and over again we have seen that such schemes do not err in a ran- 
dom way; they do not^permit the inference that a child or teacher who is 
apparently doing "poorly" is in fact doing well with respect to another task. 
This is a theoretical limitation because we have shown that structured ambi- 
guity is central to the educational process. Teachers give children the 
"benefit of the doubt" not out of sof theartedness , but because this "as if" 
assumption is absolutely essential to the communicative process. 

2* Do kids behave differently on the same task . in different contexts ? 
This intuition has a firm grounding in experience and our evidence,- but it is 
incompletely formulated. Our tracer procedures show that what sort of task 
one is in can^be discussed systematically, but it is a mistake to take certain 
logical or action schemas that are coded in our language as procedures (for 
doing intersection, dividing, etc.) as the process of learning/ teaching. The 
explicit procedures are an important- part , but only a part, of the actual con— 
straints constructing the event.. * 

In real life, the teacher credits children for their contributions to 
doing the. whole task that Include many elements missing from the diagnostic 
experiment. She/he is able to observe a child who 1 does poorly when someone 
else initiates "take charge" and discovers for herself what cannot be told, or 
organizes someone else to do a next step. This jLs evidence of ability to deal 
with intellectual tasks," but if It is taken care of ahead of time by the adult 
or the procedure, the 'child cannot display it. 
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Thus, although it is inconvenient, we find intuition correct and science 
wrong because, science is operating at the wrongj level of description. To 
teachers and children, "whole tasks include figuring out that the problem is 
there, figuring, out wha~ to do about it, and doing it within the constraints 
at hand." Standard testing practices truncate ^his process in- ways V have 
repeatedly demonstrated; the result is more .standardized, codings of behavior 
at the cost of a process that values shaping over development. * 

1 • What about equity issues ? A major motivation *or this work was a. 
series of equity Issues that arise around the diagnosis/insttuction nexus . 
One major. .line of effort over many years is to come up with ways' in which 
those segments of the society who achieve poorly in school can be helped to 
raise their educationally-related skills significantly. Several conclusions 
concerning equity are warranted by our work. 

1. It is a mirage to think that it is possible to redrets early educational 
< deficiencies without adding extra educational activity for poorly achiev- 
ing students. (We do not here address 1 the problem of teacher/student 
ratios, Just the issue of time.) The evidence from our work shows clearly 
how .weaknesses in early parts of the curriculum sequence become 
weaknesses and perhaps even terminal -difficulties by the later grades. 

- v f ' . : ' ' ' . . ;.. .. 

2. Uniform conditions bf instruction imply that some students will haVe to 
do more work than other to complete the same task. Yet heterogeneity that 
only makes some: tasks "less" of another o is not the answer; just as 
children's conceptions differ from each other in more ways than we can 
know, so there ar^ many qualitatively distinct ways to accomplish a given 
criterion of performance. *, * '. ' 

3. A solution to educational deficiencies that emphasizes more time on task 
without taking into ^.consideration Variable organization of activity is 
not sufficient; it can 'dig a child deeper Into a rut \ instead - of giving 
him a head start. \ 

4. Our research leads us to^mphasize the importance of -continuity in the 
experience of both teacher and student in the educational process ad an 
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important assist to equity in conditions like the ones we analysed in 
which teachers believe in the children and are working ap hard al\they 
can to help them understand* If the cast of characters keeps changing, 
none of the parties have badly needed information tb overcome to|gh 
spots. But continuity without variability isn't likely 'to help . !il 



There has been a great deal of debate for a long time about the ^ problems 
surrounding diversity in school achievement and the means that can best be 
used to improve performance in all sectors of our school system. The current 
pressures and dissatisfactions are generating a lot of finger pointing and 
exhortations to hold people accountable. The centralized, bureaucratically 
driven need for objective data is perfectly understandable in a giant system 
of the sort that our educational establishment has bec9me. Our work is but one 
of many indicators in recent years that the process of educating a large and 
very heterogeneous population on a universal scale has been handed to the 
schools as an institution without sufficient attention to all of the functions 
vhich schools cannot fulfill • When students fail, the social response is one 
of impatience, and eventually anger and disgust. Looking at the process of 
learning/ teaching in a normally heterogeneous California school with skilled 
and dedicated teachers has served amply to emphasize the gtjeat difficulty of 
the teacher's and the schools' task. Even very basic skills, jl ike long divi- 
sion, turn out to be mine fields of uncertainty that cannot be explicitly 
explained but must always rely on the child to make the leap between teacher's 
word and child's deed. 

This characterization of the educational process implies the contents and 
style of education Should always be changing to help connect the culture's 
abstract formulae to an ever changing reality* To capture a modern phrase, we 
must not get caught in the Illusion^ of "back 11 to basics. Instead we must use 
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schools to help coordinate all the social social institutions that £ive con- 
tinuity and variability to the child's experiences, a coordination that is 
organized around abstract concepts and concrete, always diverse, social 
experience. 
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